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INTRODUCTION

This 1s an in-service trairang manual for ap-
prentices working 1 heavy duty mechanics
shops who wish to complete Module One,
Heavy Duty Mechanics Appioaticeship
Trainlng in-service. It covers the same
matenal that i$ taught i the 14 week training
program for Module One &t the vocational
schools. Although you don't have an in-
structor lo assist you lhke apprentices at
school. you will receive assistance from your
empioyer and the journeyman you work with.

The manual 18 dwided nto mne blocks: (1)
Shop Equipment and Practices, (2) Starting.
Stopping. Moving Equipment. (3} Hydraulics.
(4) Brakes. (5) Power Trains. (6) Frames,
Suspension. Running Gear and Working At
tachments. (7) Engines, {8) Electricity. and (9)
Winches, Hoists and Cables. The material n
blocks 1, 2, 6 and 9 1s deal. with n a fairly
thorough manner as these subjects won't be
covered agam in your training courses. The
other blocks. biocks 3, 4, 5. 7 and 8, are intro-
ductions ‘hat give a basic gro. nding n thair
subjects. The topics in these blocks will be
covered in greatar detail wn later courses. The
mam idea behind the depth that subjects are
studied I this manual 18 to ty to relate
course matcrial to the work you wili actually
be doing in the shop at thic level of your ap-
prenliceship. This is the reason. for example,
that detailed information is given on frames,
suTpensions and running gear., whereas only
basic informaticn 1s given on electricity it is
assumed that you will be downg a lot of work
on suspension and running gear. byt little on
eleclrical sysiems.

Each of the blocks s laid out 10 the following
pattern: the block beging with a section On
paris theory that gives the purpose, types
operations (how they work) and applications
(whero they are used) of the parts and
systems being discussed. A set of questiors
follows the parts theory. the answers to which
are given at the end of the block. Next is a
section on service that is divided into Daily
Routine Mamntenance., Scheduled Main-
tenance and 3ervice Fepair. Daily Routine
Maintenance deals with watchiul visual
checks and adjusiments; Scheduled Main-
tenance with scheduled lubrication and
checks: Service Repair with removal,
disassembly, repair or replacement and in.
stallatiors. The Service Repaw sections in the
blocks that are writtén at a basic level are
limited to the types of repair that you are

likely tu be doing in your shop. Another set of
questions follows the service section The
blocks end with a list of practical tasks that
should be ¢ an2 during daily work at your job
*Your employer has a Task Check Chart, that
he wilt complete to vouch that you have done
all the tasks listed in the manual.

Following is some advice on how t¢ approach
the course:

— It is expected that the program will be
completed within @ three month pPeriod:
however. provision is made for up to a
three month extension if required. Try
to space the blocks out over the time
you set to do the course There is a lot
of material here, and if you leave it all
to the end. you won't get finished.
Monitoring of your progress in the
course is done by your emgloyer and
by contact with the Apprenticeship
Branch. Since this is an individualized
tearning package, ttere is no one
standing over you telling you to do so
much today and so much tomorrow.
The onus is on you to keep a regular
progress through the course. And it
won't be easy.

Dont skip out 4 section thinking that
you already know it. There probabily
wili be matenal in it that you are un
certain of. And besides, if you know
most of the material already you'll te
abie to go through it quickly.

Blocks 1, 2, 3, 4 and 5 should b2 done
first. The other blocks can be taken in
any order. although it's probably best
to take them in the order in which they
come.

The questions are straightforward:
*here are no trick ones. They can all be
answered from a close study of the
taxt. Try to do as many of the questions
as you can, without going back to the
text. If you can't get a question then
open the text and seek the answer
rather than torning to the answers. This
way you re-read the topic and get a
more complete understanding of it than
it you just icok up the answer.

The practical tasks should normally be
completed as you work on the material
i aach block:s however, this may not be




practical due to other work com-
mitments in the shop.

N.B. Some tasks may have already
been covered in your day to day
work.

Check with your employer to ensure
that all areas of practical training have
been covered.

— When you complete this manual and
the practical tasks you will be required
to write an Apprenticeship Branch
examination.
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ENGINES 7:1

BASIC INTERNAL COMBUSTION ENGINE

An internal combustion engine 1s basically a
container in which a mixture of air and fuel 15
burned. This mixture rapidly expands while 1t
burns. créating a forc2 that pushes against a
piston. With the force of expanding gas acting
on I, the piston has the potential to perform
work. Thus an internal combustion engine
converls the heat energy of fuel into
mechanical work energy A simple internal
combustion engine 1s shown in Figure 7-1

COMPRESSION

- - COMBUSTION

i — RPN = ==
MIXTURE : . -

RECIPROCATING
MOTION

One comlele senes of these events 1s called
a cycle. To produce susiained power the
engine must repeat this cycle over and over
again.

An engine uses two forms of motion to trans-
mit energy {Figure 7-2)

— reciprocating motion' up-and-down or
back-and-forth motion

— rotary motion circular molion around a
point

“"‘-—-—_—-—"/
]
— ]

]

T

RECIPROCATING ROTARY
HOTION i
(7-2) HOTION

Courtesy of John Deere Lid

]

CYLINDER CONNECTING ROD

CRANKSHAFT

Y 1334 (7.3) BASIC PARTS OF THE ENGINE

(7-1)

Courtesy of John Deere Lid
An engine performs the following senes of
evenlis

t. Fiils the cylinder with @ combustible mix-
ture of fuel and awr lintake)

Compresses this muxture into a smaller
space (compression)

Ignites the mi«tureé and causes H to ex-
pand, producing power (powe:)

Removes the burned gases from the cyhn-
der (2xhaust)

Courtesy of John Deere Lid

Using four basic parts an engine converis
reéciprocating motion into rolary motion
{Figure 7-3). The piston and cylinder are
mated parls. closely fitted so the piston ghdes
easily in the cvlindzr with 8 minimum o}
cleararice at the sides There is sufficient
space above the piston for the combustion
chamber. and the top of t*4 cylinder is closed
by a cylinder head. The ¢ 'nnecting rod trans-
mits the motion <! tha piston to the
crankshait. A simple crant shait has a sechion
offset from the centerline of the shaft so that it
cranks when the shaft 18 turned. The stroke of
the piston thow far it travels in the cylinder} is
set by the throw of the crankshalt (how far itis
offset;,




7:2 ENGINES

Thus. the swing of the connecting rod and the
oftset of the crankshaft convert the vertical
mot:on of the piston to rotary motion at the
crankshaft (Figure 7-4). This change m moticn
Is basically the same as that crealed when
pedalling a bicycle. the up and down moOtoOR
of youi leg s changed o rotary motion at the
sprocket and wheels,

-
oo

OFFSET
CRANKSHAFT

\

<
0
N

{7-4) HOW RECIPROCATING MOTION IS
TRANSN TTED TQO THE CRANKSHAFT

A5 ROTARY MOTION
Courtasy of John Deere Lid

COMBUSTION THEORY

Three basic elements aré needed to produce
heat energy m an engine:

— ar
— fuel
— ¢combuslion

When fuel 1s mixed with air and ignited. the
mixture will burn It's the oxygen in the air that
allows the fuel to burn, fuel can't burn without
oxygen. The charactenstics of air and fuel
thal affect combusuion are discussed below,

Air

1. Air can be comjrressed. One cubic foot of
air can be packed into one cubic inch or
less (Figure 7-5). Since air does compress.
a large volume of 1t can be packed into a
cylinder to surround the fuel and help it
burn

ATMOSPHERIC AIR

{75} Courtesy of John Deere Ltd

COMPRESSED AIR

AIr heals when 1t's compressed (Figure 7»
6) The aw molecules rub agamnst each
other and produce heat. The heat aids
combustion because tt vaponzes the fuel
and fuel burns best 1n a vaporized state.

l
a

DO00000
OOO0O0O0O0
HOoOOoNOoC
OO0000
DOO0O00O0

ATMOSPHERIC AIR COMPRESSED AIR
(7-6) AIR HEATS WHEN COMPRESSED

Courtesy of John Deere Lid
Fuel and Combustion

1. Fuel mixes readily with air, The modern
gasoline engine works best when about
15 parts of air are mixed with one part of
fuel (Figure 7-7).

NN © Am
$888

A FUEL

(7-7)

FUEL-AIR RATIO FOR
GASOLINE ENGINE

Countesy of John Deere Lid
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Fuel-Air Ratio For Gasoling Engine

These parts are measured by weight, not
by volume. Since air is very lighl 90,000
gallons would be needed to meke up ‘he
weight necessary to mux with 10 galions of
fuel.

Fuels are volatite. That is. they vaporize at
low temperatures. The ability of a fuel to
vapoiize allows €ach particle of fuel lo
coatact €nough air to burn lully.

A fuel's physical state affects the speeg at
which #t will burn. 1e.. the more air that
can get at the fuel. the faster it will burn
(Figure 7-8).

Courtesy o+ John Deere Lid

sOLID FUEL
+ Parr N COMTAINER

Burns tazily because aw
only contacis the
surface fuéel

In an engine only vaporized fuel is burned.

Fuel must burm quickly to give the ex-
plosive force necessary for full engine
power, yel it can't burn too explosively or
it could blow up the engmne. The rate of
burning can be controlleo by regulating.

— the volatility of the fuel

— the proportion of fuel in the fuel air
mixture

— the pressure and the heat of the air

Supplying, Compressing and Igniting Fuel Air
Mixtures

In gasoline engines. fuel and ar areé mixed
outside the cylinders in the carburetor and
manifold. The mixture is drawn into the cylin-
der by the partial vacuum created during the
piston’s intake stroke. In diesel engines. there
is no pre-mixing of air and luel outside the
cylinder. Air only is taken into the cylinder
through the intake manilold.

Burns more Juickly
because more aim
contacts the tuel

SoLD FUEL
SPREAD OUT

VAPORIZED FUEL

Burns véry quickly
because air can completely
surround the particies
of fuel

After entering the cylinder the air fuel mixture
in a gasoline engine. and only the air in a
diesel engine, are compressed. The amount
that are compressed is called the com-
pression ratio. An 8 to 1 compression ratio is
typical for gasoline engines while a 16 to 1
ratio is common for diesels {(Figure 7-9).

1
TR LTLIART (T

GASOLINE DIESEL
8 TO 1 RATIO

16 TC 1 RATIO

{7-9) COMPRESSION RATIOS COMPARED
Courtesy of John Deere Ltd




7:4 ENGINES

The fuel in the compressed fuel aim mixture CHARACTERISTICS OF ENGINES

a gasoline engmne 1S |gnited b spark plug. o
m% diesel enggme. as tghe plstoﬁ ie:rs Ihle) logp Engines can be charactenzed or classified
of 1ts compression stroke. fuel 1s mjecled or according to:

sprayed inio the cylinder and mixes with lhe — number of cylinders

combressed awr The fuel1s (hen ignited by the )

heal {approximalely 538 C) of lhe den<eiy — arrangement of cylinders
compressed air, - arrangemenl of valves

Figure 7 to 10 summarzes fuel combustion A — number of strokes per cycle
gasolne and diesel engines. — lype of cooling

— type of {u2l burned
SPARK =g FUEL
These engine characleristics are discussed
FUEL-AIR RN below
= MIXTURE

NUMBER OF CYLINDERS

The previous discussion of basic engine prin-
ciples focused on a single cylinder engine.
Single cvlinder engines are used on small
equipment such as lawnmowers. Other
engines have mulliple cylinders: 2. 3. 4.5, 6, 8,
12 and 16 An even number of cylindars is
most common. Mulliple cylinder engines give
a smoother more conlinuous power fiow han
single cylinder engines.

Mulliple cyhnder engines have one common
crankshaft with all lhe pistons and connecting
rods connecled to 1t (Frgure 7-11).

GASOLINE (7-10) DIESEL

Fuel-Aur Are 1 A Only Eniers Cylinder
Mixed n Carburetor 2 Aur Is Compressed

Mixiure Enters Cylinder 3 Fuel 1s Sprayed In

and 1s Compressed 4 Fuel-Aw lgnites

Spark Ignites From Heat ol Compression
The Mixture

CounteSy of Jonn Deere Lid

Note that the higher compression ralio makes
a diesel more effictent than a gasolme engine
The higher ratio allows for a grealer ex-
pansion of gases in lhe cvinder after com-
bustion and this results 1n a more powerful
stroke A consequence ol the higher com-
pression satio is thal diesel engines have o
be buitt of slurdier. more expensive parls lhan
Qasoline engines lo withsland Lhe greater
combustion forces A diesel's piSlons. pmns.
rods and cranks are beefed up. and Il has
more mam beanngs to supporl the crankshaft.
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FLYWHEEL

(7-11) CRANKSHAFT FOR A SIX-CYLINDER ENGINE

The crankshaft 1s shaped so that the pistons
will ali complete one cycle intake. com-
pression power and exhaust wityin One, OF IN
some engmes two. crankshaft revolutions.
weights on the crankshaft balance the forces
from the rapdly moving parts within the
engmng. A heavy flywheel connected to the
rear of the crankshaft also balances or evens
out the power impulses from the pistons.

IN-LINE Vo TYPE

Counesy of John Deere Lid

ARRANMGEMENT OF CYLINDERS

Multi-cylinder engines are made n one of
thrze configurations (Figure 7-12):

— n-hne
—
— opposad

P

OPPQSED

GCourtesy of John Oeere Lid
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The in-ine cylinder arrangement has all the
cybinders 1n a straight hne above the
crakshafl. the V has two banks of cylinders
arranged in a V above the crankshail: the op-
posed has two rows ol honizontal cylinder. one
on either side of the crankshafl The in-line
and V are the two mo3l common cybnder
arrangements lound on heavy duly machmes

The cylinders 1n an engine are usually num-
bered In-line engine cytinders are numbered
1.2, 3, 4, elc . starting al the end of the engine
furthest Irom the fiywheel. The cylinder num-
bering for V and opposed cylhinder
arrangements vanes with the manufaclurer.

VALVE ARRANGEMENT

Another common way to classily engines s by
the arrangement of the intake and exhaust
valves, The vaives can be located in differont
posiions 1n Ihe cylinder head or the cylinder
block. Figure 7-13 shows four types of valve
arrangments.

CYLINDER HEAD

Two Stroke Cycle Enging

In the two stroke cycle engineé. the complete
cycle of evenls — inlake, compression. power
and exhaust — takes place dunng two piston
slrokes. Every time the piston moves down it's
a power stroke. every time it moves up i's a
compression siroke The intake and exhaust
take place durning part of the compresson and
power strokes Figure 7-14 iliustrates the
cycte of events on a two stoke diesel engine.

BLOCK\

I-HEAD H HEAQ
{2 CYCLE)

O
i
(7-13)

Counesy of Joha Decre 1d

The I-Head and H-Head are combined under
the name of overhead vailves and are the most
common valve arrangementis used loday.

NUMBER OF STROKES PER CYCLE

Most engines have either a two or a four
stroke cycle. The two stroke cycle engine has
two strokes ol the piston. one up and one
down, during each cycle. These two strokes
occur during the one revolution of the
crankshaft and are repeated over and over
agamn.

The lour stroke cycle engine has four strokes
of the piston, two up and two down, during
aach cycle. The four strokes occur during two
revolutions of the crankshaft. Most engines
today have a four stroke cycle.

F_HEAD

l CYLINDER HEAD

AN

IHTAKE ARG EXHAUST

BLOCK

O

1

L-HEAD

COMPRESSION

POWER
Counesy of John Deere Lid
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Qccasionally. i this type of diesel engine. a
blower (also called a scavenge blower) forces
air (nto the cylinder for the expulsion ol
exhaust gases and the supply of fresh air for
combystion In place of intake valves lhe
cylinder wall contains 2 row of ports which
are above the piston when 1t 1s at the bottom
of its stroke These ports admil air from lhe
blower nlo the cylinder when they are un-
covered (dunng ntake)

The flow of air toward the exhaust valves
pushes the exnaust gases oul of the cylinders
and leaves them fufl of clean air when the
piston again nses to cover the porls lduring
compressionl At the same time. the exhausl
valves ¢lose and the fresh air 1s compressed
ir. the closed cyhnder.

As the piston nears the top of :ts compression
stroke. fyel 1s sprayed 'nto the combustion
area The heat of compression ignites the fuel
and the resulting pressure forces the piston
down on its power stroke. The piston then un-
covers the inlake ports. the exhaust valves
open. and the cycle begins once more.

This entire cycfe 1s completed 1 one
revolution of the crankshafl ¢r \wo stokes of
the piston. The number of pistons lhe engine
has makes no difference, all pislons 1 this
wo cycle engine will fire during one
revolution of the crankshafl

INT AKE COMPRESSION

Foel Aut Mixtyre Mixture Is Compressed
15 Qrown Inte By UpSireke Of Piston
Cylindes From Cor Both Intoke ond Exhoust
buretor Thiough Volves ore Closed.
Open Inrake Yalve

2y OownSiroke Of

Prston

Four Stroke Cycla Engine

In four siroke cycle engines. the same four
operations occur -- Intake. compression.
power, and exhaus! however. four strokes of
the ptston. two up and \wo down. are needed
lo complele lhe cycle As a resylt. lhe
crankshafl will rolale two turns before one
cycle 1s complated.

Figure 7-15 shows the strokes of a four stroke
cycle gasohne engine.

The intake stroke srarts with the piston near
the top and ends with it near the béttom of 1its
stroke. The intake valve 1s opened and as the
piston moves dewn a low pressure is created
within the cylinder. Atmosphenc pressure
then forces the air-fuel mixture in a gasoline
engine. or ar only 10 a diesel engine mto the
cylinder.

The comprassion stroke begins with lhe
piston at the bottom of the ¢cylhinder. Next lthe
piston rises. compressing the fuel-air mixlure.
Since the ntake and exhaust valves are
closed. there is no escape and the mixture 1S
compressed to a fraction of s ongmnal
volume.

(7-15) FOUR STROKE CYCLE ENGINE

{(Gasoline Shown}

4
r

I
S

POWER EXHAUST

Piston On Up-Snoke
Farees Borned Goses
From Cylinder Through
Open Exhaust Volve

Compressed Mrxture 15
Ignared By Spoik Plag
ond Exconting Goses
Force Prsion To Battom
0f Cyimder Volves

Remain Closed.
Couitasy of John Deere Lig
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The power stroke begins when the piston
nears the lop of its stroke and the fuel-air mix-
lure 15 1Ignifed As the muxture burns and ex-
pands, 1t jorces the piston down on IS power
stroke The valves remain closed so thal all
the force 1s exerled on the piston

The exhaust stroke begins when the piston
reaches the end of its power stroke The
exhaust valve 15 apened and the pision nises.
pushing ou! the burned gases When the
piston reaches the top. the exhaust valve 18
closed and the piston 15 ready for a new four
stroke cycle ol mnlake, compiession power
and exhaust When the pision compieies the
cycle the cranikshaft will have gone around
twice

Two Cycle versus Four Cycle Engines

It mignt be reasoned that the two cycle engne
can produce lwice as much power as a four
cycle engine However. this 18 not quite true
In the two cycle engine. some power may be
used lo dnive ine blower that forces the fuel-
air charge nto the cylinder under pressure.
Also. the burned gases are not completely
cleared from \he cylinder. resulling n less
power per power stroke Another loss in he
effective power slroke occurs because the

exhauslt valves open earlier 1n a lwo cycle
engne

The actual gain tin power of a two cycle
engine over a four cycle engine of the same
displacement 15 about 75%

TYPES OF ENGINE COOLING

Engines can also be classified according to
their coohng system There are two types ol
cooling water cooled and air cooled Air
cooled sysiems are generslly used on small
engmnes although one manuiacturer of diesel
engmes. Duetz wuses ar cooling on s
engnes Water or hquid cooled 1s (he mos|
common metnod of engine cooling Cooling
systems are detailed later

TYPE OF FUSL BURNED

The three most common types of engine fuel
are
gascline
— desel

Lind  Pelroleumn  Gas  (usually
propane! {LPG}

The three fuel systems are discussed in detail
lurther on in this section The chart in Figure
7-16 compares the performance of gasoline.
LPG. and diesel engines

The comparnsons assume that each fuel 18
available at a reasonable price. Performance
1s based on general applications which are
suited to the engine and fuel type Itis also
assumed that the engines are all in ;Cod con-
dilion

(7-16)
COMPARING THE ENGINES

Gasoling LPG Diesel
Fuel Economy Faur Good Best

Hours Belore

Mainlenance Fair Good Good
Wesght per

Horsepower Low Low High

Cold Weather
Stariing Good Far Fair

Accelerabion Good Good Fair

Conunuous
Onety Fair Far Good

Lubricating On

Contamunation Moderale |owes' Low

CompPression
Rapo Low Higher Highest

Courtesy o Juhn Deore Lid
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QUESTIONS — INTROQDUCTION TO
INTERNAL COMBUSTION ENGINE

An internal combustion engine converis
the ——____ energy of fuel inlo
energy that does work.

What are the three basic elements
needed to produce heat energy in an
enging”?

What happens to the air in a cylinder
when 1t 15 compressed?

In what physical state is fue! burnt in an
engine?

True or False? W 1s the mitrogen In air
that causes fuel (0 burn,

An engine changes reciprocating motion
nto ——— motion 1o transmit
energy.

For an engwne {0 .perate. which
sequence of events must occur?

(a} intake. exhaust. compression and
power

(b} compression. intake. power and
exhaust

{c) exhaust, power. compression and
intake

{d) intake. compression. power and
eéxhaust

One complete senes of the events i the
last question 15 called a

(a) stroke

(b} circle

{c) cycle

(dv stroke-cycle

When both intake and exhaust valves are
located n the cylinder head, the enging
15 said 10 e &

(a} F-Head

{b} I-Head

(¢} L-Head

{d) N-Head

Briefly explain the basic difference be-
tween a two stroke cycle engine and a
four siroke cycle engine.

Engnes can erther be cooled

or —— cO0led,

2.

79

What are the three most common lypes
of fuel burned n internal combustion
engines?

What is the basic difference n the com-
bustion processes of diesel and gasoline
engines?

Why 1S the compression ratio higher in a
diesel engine?
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The remainder of this block on Engines will
discuss the hve basic engine support
systems: cooling. lubrication. air induction.
exhaust and fuel.

COOLING SYSTEMS

The c00ling system has two funchons.

1. To prevent overheating of the engine.

Overheating could burn up engine parts 1n
a short time. Some heat is needed for
combustion. but a working engine
generates 100 much heat. The cooling
system must carry off this excess heat.

To regulaie engine temperature.

Reguiating the temperature allows the
engine to be mamtained at the best heat
level for good combustion durning each
stage of operation During starting. no
cooling is necessary since the engine
must be warmed up as fast as possible
Later. during peak operations. the engine
must be cooled.

TYPES OF COOLING SYSTEMS

Two types of cooling systems are used on
modern engines

1—=Thermostat
2=Crossover Tube
3—Coolant Qutlet Hoses
4~Radiator b 2
5—Deaeration Line
6=Thermostat H-using
T=-Over Flow Tube
8—Water Pump
9—Coolant Inlet Hose
10~Engine Qil Cooler
11—Pressure Relief Valve
12—Water Filter (Il Used}
13--Drain Cock

Alr cooling — air passes around the engine to
dissipate heat.

Ltiquid Cooling — water circulates around the
engine to dissipate heat.

~ir Cooling 1s used primarily on small engnes
or aircraft as it is difficult to route air to all the
heati ponts of larger engines. Metal baffles.
ducts. and blowers are used to ad W
distributing air to engine parts.

Liquid Cooling normally uses water as a
coolant. In cold weather. antr-freeze solutions
are added to the water to prevent freezing.

The circulation of the coolant through the
cooling system can be followed In Figure 7-17.
A water pump (8), mounted on the engine.
draws coolant from the radiator vottom.
through the cooilant inlet hose (9). The coolant
is then forced through the oIl cooler (tG), and
into the cylinder btock. 1he coolant then cir-
culatss around the cylinder bores and up into
the cylinoer head waler facket. through the
thermostat housings {6). up through coolant
outlet noses (3) and back to the radiator (4).
Air flow through the radiator cools the water
and dissipates heat nto the air. The water
then reciwculates into the engine to pick up
more heat.

RADIATOR MOUNTING AND HOSES
{COOLING SYSTEM]}
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COOLING SYSTEM COMPONENTS
Blocks, Heads and Manifolds

The engine cylinder block and head contain a
number of connecling passages to allow
coolant to flow complelely around all of the
cylinders, combustion chambers and valves.
Togelher these passages make up the water
jacket (Figure 7-18)

VALVE

CYLINDER

CYLINDER
BLOCK

Couriesy of John Oeére Lid

{(7-1B) IN-LINE BLOCK

The water |acket holds only a small amounl! of
coolant This small amount allows for rapid
warm up winle Lhe thermostat 1s closed when
first starting the engine. but1s stll enough to
provide efficient cooling to all the wital areas
when the thermostat 1s open and the engine
warm

Nole the holes In the cyhnder block and cyhn-
der head in Figure 7-19 Not all. but many. of
these holes are water passages

As well as the internal connegcting passages of
the water jacket. some engines use external
connecting passages called water manifolds,
They are bolted onto the outside of the engine
by a flange mount and have a gasket between
the two mating surtaces. Water manifolds are
used, for example. between cylinder heads
when an engine has multiple cylinder heads.
or between the oil cooler and engine block.

CYLINDER HEAD

’

_ ) msxgr
: d‘%..‘
i 4 31 4 .
(7-13) NEMOVING THE CYLINDER HEAD
Counesy of John Oeere Lid

T 9551
L 4

Radiator

The radiator 1s the heat exchanger for lhe
cooling syslem (Figure 7-20,. It consists of a
top tank. a bollom tank and a finned core sec-
tion. The bottom tank is equipped wilh a drain
at its lowes! point. The tanks may be soldered
10 the core section like the one shown below,
or the tanks and side pieces may be bolted to
the core sections. Radiators used for large
engmnes and machines generally have bolled-

on lanks.
Counesy of J | Case

BOTTOM ]
TANK

(7-20)
TYPICAL RADIATOR

R2
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Two types of radiator cores are illustrated in
Figure 7-21, a tube and fin core and a cellular
core Varnahons on the tube and fin core are
the most commonly used in radiators today.

WATER
PASSAGE

(7-21) TUBE and FIN-TYPE
RADIATOR CORES
Countesy of Jahn Deere Lid
WAITER
PASSAGE

(7-21) CELLULAR-TYPE
RADIATOR CORE
Courtesy ol John Deere Lid

Radiators work on the principles of con-
vection f{ciwculation of the coolant) and
radiation {sending heal in waves into the air).
Flow created by the water pump and by ther-
mal syphon action carnes heated coolant
from the engine to the radiator. The heated
coolant enters the radiator by the upper
radiator connection hose. As the coolant
flows down through the core, heat from the

HOUSING
IWPELLER ;
)
COVER N
.' FA

coolant s transferred to the fins From the fins
the heat is radiated out into the air currents
that pass through the core and 5 carried
away

Walter Pump

The water pump is said to be the heart of the
cooling system: it must circulate the water
throughout the cooling system (Figure 7-22).

The pump is located at the front of the engine
and s generally driven directly or indirectly by
V belts attached to the crankshaft pulley. The
purmp shaft 1s mounted on Jubricated and
sealed anti-friction bearings. The impeller, the
parl of the pump that propels the coolant, is
pressed on the inner end of the shalt. The size
and design of the impeller will depend on the
coolant flow requirements of a parhicular
engine.

Most coohng syslems use a centrifugal pump
similar to the one in Figure 7-23.

SPRING RETAINER
ELBOW BALL BEARING

N PULLEY

FAN HUB

(7-23) WATER PUMP DISASSEMBLED

Courtesy of John Deere Lid
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Thermostats

The thermostat provides automatic controt of
engine lemperature to get the best per-
formance from an engine The thermostat is
basically a temperailure sensing device and a
valve. The temperature of the coolant acts on
the heat sensory unit which opens and closes
the valve creating a flow of coolant that main-
tains the desired engine temperature. Only a
small part of the engine’s cooling capacity is
required under light Ic s, even during warm
weather. During warm-up the thermostat
remains closed;, by means of a bypass the
water pump circulates coolant through cnly
the engine water jacket. The engine quickly
warms up 1o Its operating lemperalure before
Ihe thermostat opens. When the thermostat
opens, hot coolant flows from the engine to
the radialor and back to the engine (Figuie 7-
24).

BYPASS
TO RADIATOR

% Coolont
Cold
THERMOSTAT
CLOSED

COOLANT
THERMOSTAT HOT
OPEN

(7-24) COOLING SYSTEM THERMOSTAT
Courtesy ol John Deere Litd

The thermostat 1s located between the coolant
outlet of the cylinder head and the top tank of
the radiator The exact location will vary from
.engine lo engine. Large engines somelimes
use two thermoslats to reduce the restriction
of water flow that can be caused by one ther-
mostat.

The two most common lypes of thermostats
are’

1. Wax pellet type — wax peliel expands
with increased temperature lo open the
valve.

Bellows type — gae inside a bellows ex-
pands when heated causing the valve lo
open.

Thermostals are made in a vanety of tem-
perature ranges lo meet various working con-
ditions. A high temperature thertnostat has
some advantages. High-temperature ther-
mostats, which open at 82 C (180 F) or more.
improve engine operation and reduce crank-
case sludging and corrosive wear of engine
parls. An engine operating above 82°C (180 F)
is hot enough lo:

— improve combustion

— burn impurities out of the oil In the
crankcase

— thin the oil to provide good |ubrication

Caution; Do not use low-boiling-point
alcohol or methanol anti-fregze
with high-temperature thermostats.

Overheating may so damage a tixermostat that
the valve won't function properiy. Rust can
also interfere with thermostat cperation. If a
thermostat is not running properly the engine
will run too hot or too cold. The following
practices should be observed with ther-
mostats:

— Always keep a thermoslal in good
working condition.

— Never operale the engine without a
thermostat.

— Always use the thermostat (design}
specified for the make and model of the
engine being used.)

Fans, Belts and Drives

The puipose of lhe engine fan is lo create 2
draft of air through the radiator. When the
engine runs, the fan pulls or pushes air across
the radiator core to cool the liquid in the
radiator. The ideal localion of the fan is ap-
proximately 2';2 inches from the radiator core.
The size and number of blades on the fan will
vary depending on the cooling requirements
of the machine,

Fans on smaller engines ate bolted to a flange
on the water pump shaft. Larger engines have
the fan mounted on a separate fan hub: this
fan 1s generally drniven by a beltls) from lhe
engine crankshafl, as seen in Figure 7-25.
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FAN HUB

Couresy of Genera Molors CorPoraton

Fans can be either suction or blower fans.
depending upon the design of the cooling
system Suction fans (Figure 7-26) pull air
through the radiator and push 1t over the
engine The suclion gesign permuts the use of
a smaller tan and radiator than 1s requiied for
blower fans Sus .n faps are usad when
machine mot*  «lds arr movement through
‘he radiator such as on a truck

SUCTION
FAN

Al Courtesy ol
John Deere Lig

[ N

Blower fans (Figure 7-26} pull air across the
engine, then push it through the radiator. They
are used m slow-moving machines and on

equipment where harmful matenials might be
drawn nto the radiator by a sucuon fan.

(7-26)

-

BLOWER
FAN o

110
A

Courtesy of John Deere Lid

LR Ly
Fan Shroud.

The {an can be fixed dnive or thermostatically-
operated dnive The fixed drive fan turns con-
hinuousty as the crankshaft turns., the ther-
mostauc drive fan 1S temperature controlled
and operates only when 1t 1s required The
thermostat dnve has the advantage of noi
wasting enJjwne horsepower to turn the fan
when it 13n’t peeded.

Some machines have a shrouding around the
fan (Figures 7-27 and 7-28). Shrouding in-
creases fan efficiency by controlling or direc-
ting air flow through the radiator. Fan shrouds
fit ¢close 10 the fan klades to prevent recir-
culation of air at the blade tips. A blower fan
1s usually set 1/3 into the shroud ang a suction
fan is usually set 2/3 into the shroud.

FAN SHROUD

(7.27)

Counesy ol Caterpdian Tractor Co
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RADIATOR

£23 SHROUD

Courtesy Of Ford Motor Company

Because lhere 1s a definile hl 1o 2 bell and
LOWER HOSE

Belts that dnive fans are called V belts be-
cause of their V shape A belt's ability to
transmil power from the crankshafl depends

The tension holding the belt 10 the pulley
Belt tenz0n S a very important service
pomnt and will be covered later.

Friction belween the belt and pulleys
Belts should run dry. Oil on belis causes
them 10 sbip. and SO any oil leaks 1n lhe
area of the belts must be quickly repaired

Arc of contact or wrap belween the belt
and pulleys Wrap 15 busll into a belt and
pulley when manufaclured Figure 7-29
ilustrates how a V-belt runs in @ sheave
both 3t rest and under load.

o

/y arJl_
AT REST {7-29) UNDER LOAD

Courtesy of John Deere Lid

DRAIN COCK 8115

pulley. replace belts only with the type
recommended 1 the service manual

small engines (on auiomsbiles and hght
trucks) generally use one bell and this belt
performs lhree jobs — drives the waler pump,
the fan. and the alternator Larger gasoline
and diesel engines use mulliple belts in mal-
ched sets thal may dnve jusl the fan or they
may drnive all lhree: the fan, waler pump and
allernator.

Hoses and Clamps

Flexible hoses connect lhe radiator to lhe
engine. Flexible hose is used rather than rigid
pipe because lhe hose stands up belter under
vibration. Radiator hose slide fils over the
radialor and engine conneclions and 1S
secured with a compression clamp (Figure 7-

L~ RADIATOR HOSE
UPPER BI60

SCRAEW AND WASHER
ASSEMBLY 158642 52

A D1A rOR HOOE LOWER

BADIATOR ASSEMOLY 8005
Courtesy of Ford Motor Company
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Varnous types ol hose are mace:

1 Straight hoses will collapse if bent, and
s0 15 orly used between two in-hne fit-
tings. Available in vanous 1.D sizes and in
three or four foot lengths to be cut as
deswred.

2 Universal flex-hose has spiral wire
moulded into the hose to prevent it from
collapsing when installed where a curved
hose 1S required It too comes In vanous
I D sizes and 1n three or four loot lengths
io be cut as desired.

3 Moulcs? hoses are manufactured {o the
correct size. length and angle o fit a
specific location.

As durable as hoses are. they still have weak
points Radiator hoses can be damaged by hot
air or over heated waler and “eoneraly will
deteriorate gver tong penod:  J age. Two
common lypes of hose damage are

1 Hardening or cracking which destroys
hose flexibinty, causing leakage and
allowing small pieces of rubber from the
hose's nner liner to clog the radiator.

2. Softening and swelling which deteriorates
the hose lining and can cause the hose 0
rupture or break

Radiator Shutters

Shutters help to maintain optimum engine
temperature by controlling air flow through
the radiator

The syseem consists of (Figure 7-31)
t  the shutter

2  shutter control bar

3 arr cylinder
4

shutterstat {temperature control valve)

27
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(7-31) AIR-OPERATED RADIATOR SHUTTER
ASSEMBLY — GAS ENGINE

Courtesy of Ford moor Company
Q1015.A !

Shutter action depeénds upon engine tem-
peratures as sensed by the shutterstat. The
shutterstat is' located so that it responds to
coolant temperature. Until coolant tem-
perature rises to approximately 185 F (85 C),
the shutters remain closed. When the shut-
terstat operating temperature is reached, ther-
mostatic aclion shuts off air supply to the air
cylinder and simultaneously exhausts air
pressure |rom the cylinder. Shutter spring ac-
tion then opens the shutlers. Note that the
shutters don't partially open: they are either
fully open or fully closed,

Ceolant Filter

Some engines use a filter tn the cooling
system The coolant lilter (Figure 7-32) softens
the water and removes dirt As a resuli. the
cooling system dissipates heat better and Its
working parts wear longer

CYLINDER
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COOLANT QUT 4

J FIL TER
ELEMENT

RESISTOR
PLATE
DIRT
sUuP
CODLANT
N

N ORAIN PLUG

(7-32) COOLANT FILTER
Courtesy ¢l John Deere Lid

The coolant filter has a replaceable element. It
atso has a sump at the bottom of the filter
where dirt settles. The sump drain plug should
be opened penodically lo dispose of the
sediment.

Instead of reptaceable element coolant filters.
some manufa:turers use spin-on filters that
are thrown a vay after the engine has gone a
certain numer of miles For servicing thew
vehicle these manufacturers supply a set of
spin-on-throw-away fhiters for oil, fuel and
coolant They reason that the coolant filter1s
less likely 1o be overlooked (which does hap-
pen with replaceable element filters} if it is in-
cluded with the other hilters

Chemicais in the filter element and resistor
ptates soften the water by removing
comosives The softer water helps to keep the
radiator and water jackets free of scale
Another chemical in the hiter dissolves into
the walter to atkalize 1t just enough to prevent
acid corrosion of the metal paris. Rust
inhibitors are also placed in the element
which dissolve into the water and form a rust-
protective film on the meta! surfaces of the
cooling system

The filiter shown 1n Figure 7-32 i1s 2 bypass
type Mt clogs. atl water will bypass tne filter
and go straight to the engine,

Ditferent types of coolant filters are available
One factor that has a beanng on hiter type is
the king o. onti-freeze used in the cooling
systeqn. Fiters ol anti-freezes must be com-
patibyea.

CGULANT
Cooiant Reayirem.ons

A suilzb'e coclant solution must meet the
following tLay'c requirements:

— provide for adequate heat transfer

— provide a corrosion-resistant  en-
vironment within the cooling system

~ prevent formation of scale or sludge
deposits in the cooling system

— be compaltible with the cooling system
hose and seal materials

~— provide adequale freeze protection
during cold weather operation.

When {reeze prolection is not required a
sotution of suitable water plus corrosion
inhibitors  (assurming no coolant fiter) will
satisfy these requirements When freeze
protection I1s required a solution of suitable
water plus permanent anti-freeze (which con-
tains corrosion inhibitors) witl be a satisfac-
tory cootant.

The Need For Corrosion Inhibitors

Any water. whether of drinking quaiity or not.
wilt produce corrosion In the cooling system
Also. scale deposits may form on the iniernal
surfaces of the cooling system due to the
minerat content of the water. Therefore. water
used as a coolant. must be properly treated
with inhibitors to protect the metallhic surfaces
of the cooling system aganst corrosion and
scale deposits.

Figure 7-33 illustrates the harm done Dby
mineral deposits. cast iron with mineral
deposit withholds 1ts heat rather than readity
transfernng 1t o the coolant
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HEAT TRAMSFER CAPACITY
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MINERAL DEPOSIT

1 CAST IRON PLUS 1716™ MINERAL DEPOSIT =
4 174 CAST IRON IN HEAT TRANSFERABIUTY

(7-33)

Courlesy of Detroit Diesel Dmision of
General Motors Corporation

All inkubitors become depleted lhrough nor-
mal operation. and additional inhibitors {or
anti-lreeze) must be added to the coolant at
prescnbed ntervals to mamtain origmal
strenglhs. Also. after a schedule¢ amoun' of
kours or nules the coolant should be com-
pletely drained and replemished. Always
follow the manufacturer's recommendations
on inhibitor and anh-freeze usage.

Anti-freeze

When {reeze protection 1s required, a per-
manent anti-freeze must be used Annhibitor
system 1s included m this type ol anti-freeze,
and no additional inhibitors are required f. on
imhiaf hH a mimimum anti-freeze concentration
of 30% by vofume 1s used Solutions of less
than 30% concentration do not provide suf.
ficient corrosion protection. Conversely. con-
centrations over 67% adversely alfect freeze
protection and heat transfer rates.

There are twe kinds of anti-freeze: ethylene
glycol base anti-freeze and methoxy propanol
base anti-freeze Ethylene glycol 1s most com-
mon The methoxy propanol base anti-freeze
15 mcompatible with the seals used in some
cooling systems and should not be used
untess recommended by the manufacturer.

The inhibitors 1 permanent anti-freeze should
be replemished at approximately 500 hours or
20.000 mile intervals. Commercially available
mhititors may be used to resiore inhibitor
streng!hs 10 ani-freeze solutions. However,
most manufacturer’'s will recommend

changing the coolant and aduing a new anli-
ireeze-water solution at certain hour or
mileage intervals.

As was mentioned earher. coolant filters
which are found on some machines have
corroswve inhibiting chenucals in thewr filtering
malternal. Additional mhibitors are not needed
and shouldn't be added. Ccoling systems
which have a filter and need permanent anli-
freeze (which has corrosion inhibitors) will
use a special type of filtering element.
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Summary of Coolant Recommendations

1. Always use a properly inhibited coolant
and maintain the mhibitor strength.

Do not use soluble oil as an inhibnor,

Always follow the manulacturer’'s recom-
mendations on nhibitor and ant-freeze
usage and handling.

If freeze protection 1s required. always
use a permanenl anti-freeze,

To keep up nhibitcr strength in anti-
freeze add a recommended non-
chromate inhibitor or drain the system
and change the anu-freeze.

Do not use a chromate inhibitor with per-
manent anti-freeze.

Do not use methoxy propanol base anti-
Ireeze unless recommended by the
manufacturer.

Do not mix ethylene glycol base anti-
freeze with methoxy propanol base anti-
freeze 10 the cooling system.

Do not use an anti-freeze containing
sealer additives.

Use extreme care when removing the
radiator pressure control cap.




7:20 ENGINES

PREVENTIVE MAINTENANCE SERVICE ON
COOLING SYSTEMS

The cooling system should be -isually in-
spected during the daily watk around check.
and dunng scheduled maintenance on the
system. Mmor problems should be im-
mediately repaired, and major ones should be
reported Inspection checks on Ihe cooling
system can be found in the service manual
and should include the fotlowing.

1  Check the coolan} level and add water if
low.

(a) System without reserve tanks.
remove the radiator cap and check
the coolant level. Caution: If the
system is hot, it contains pressure.
Removing the radiator cap when the
coolant is hot could cause Injury.
Wait until the coolant cools down.
and then slowly remove the cap.
Hissing after a slight turn of the cap
will indicate the system is still under
pressure and {00 hot t» open.

Cooling system with reserve lanks:
check the coolant level by checking
the level of the see-through plastic
reserve tank or by removing the cap.

Inspect for ieaks. Leaks can oceur in the
radiator, on the outside of the engine
waterjacket. in hoses and at hose con-
nections. Internal water teaks can also oc-
cur, but they won't be dealt with here,
Leakage is the most common problem in a
cooling system and can increase during
winter due to metal shrinkage. Air
pressure ieakage testers can be helpful in
locating external leaks. Leaks are easiest
found when the system is cold.

Minor leaks can be repaired with a sealing
compound. However, only practical ex-
perience 2nables a serviceman to tell if a
leak can be corrected with a sealing
solution. Follow instructions when using
sealing solutions: some react chemically
with anti-freeze and rust inhibitors and
may seriously affect coolant performance.

Radiator Leakage

Most radiator teakage is due to cracking of
soldered joints caused by engine vibralion,
frame vibration. and cooling system pressure,

Carefully examine rachator for leaks before
and after cleaning. Some leakage points may
have gone undetected because they were

plugged with rust. White, rusty, or colored
stains indicate previous radiator leakage. I
water cr an alcohot-hased anti-freeze is used
these spots may be dry because such
coolants evaporate quickly. If the stans are
damp it's because an ethylene glycol anti-
freeze was used and it doesn't evaporate,

Always seal a radiator leak before nstalling
anti-freeze coolant, Depending on size and
number. radiator leaks can be repaired with a
sealing compound. by soldering. or they may
have to be tended to by a radiator repair shop.
Note that sealing compoOunds arée not recom-
mended by some manufacturers because:

1. they aren’t a permanent repair.

2. they can ultimately cause plugging of the
radiator.

Other Radiator Checks

1. Check radiator baffles (Figure 7-34).
Missing or damaged batf'=s can allow
enough air recirculation to cause
overhealing.

BAFFLES

(7-34)

Couriesy of Caterpular Tractor Co




ENGINES 7:21

2. Check for radiator plugging. The major
cause ol reduced air llow is the ac-
cumulalion ol foreign material in the
rachator core air passages (Figure 7-35). In
land cleanng. sanitary land fill and olher
jobs where lrash is presenl, leaves, weeds
and other debris are drawn into the
radiator core. As the core becomes
plugged. the effeclive cooling area is
reduced and heal transter rapidly
decreases.

Countesy of Calerpillar Tractor Co.

(7-35) DIRT CAKED IN CORE FIN
PLUGGED RADIATOR CORE

Keep lhe radiator clean and free of dirt
and lIrash. A quick visual observation
usually won't delecl core plugging. A
close Inspection 15 necessary. Check lhe
racdhator core area outside the fan circle,
The core 15 usually free of plugging wilhin
the fan circle. but a close look often
reveals extensive plugging in the outer
core areas. An air llow meter can be used
lo measure the flow ol air through the
radiator and thus pinpoinl plugged areas

The radialor core can be cleaned with
water or air pressure (Figure 7-36).

(7-36) CLEANING THE RADIATOR CORE
Courtesy of Caterpiltar Tractor Co

External Waterjacket Leakage

Inspect lhe engine cylinder block while the
engine is running both before and after it gets
hot. Leakage of the engine block is
aggravated by pressure in the cooling system
and temperalure changes of the metal. Small
leaks may appear only as rust, corrosion, or
stains due to evaporation.

Other Leakage Areas
Watch lor leaks at lhese trouble spots’

1. Core-Hole or Frost Plugs: Remove the old
plug then clean the plug seal and coat it
with a sealing compound. Drive a new
plug into ptace with lhe proper tool

2. Gaskets: Tighten the joint or inslall a new
gasketl. Use a sealing compound when
required.

3. StudBolls and Cap Screws Apply sealing
compound to lhreads.

4. Check for leaks in hose lengths and al
hose clamps. Also check lor hose
delerioralion (Figure 7-37).

Cooling systems are conslanlly expanding
and contracting as lhe engine slarts. runs
and shuts down. Owing to such varialiopns
In lemperature. clamps can loosen and
the hose material can deteriorate,
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" 17-37) DAMAGED HOSES
Counesy ol Jonn Deere Ligd

Hoses and clamps should be examined at
least twice a year. Check the outside of
hoses for

ta) hardenng. cracking
() softening. swelling

Cracked or swollen hoses should be
replaced wmmediately. Also check the in-
side of hoses for

{a) corrosion of any remnforcing springs.

{b) matenal  failure. Hoses can
detenorate ¢n the inside and siill ap-
pear all nght on the outside (Figure
7-38).

i : - ' 1761
(7-38) INTERIOR OF DAMAGED HOSE

Cowrtesy of John Decre Ltd

To be ~afe reprate hoses often enough so that
they are always pliable and able to pass
coolant without leakage. When réplacing
hoses:

1. Use the best qQuality hose available.

2. If universal flex hose is used. allow
erough hose for movement. but not so
much that buckling or wrinklng occurs.

Straight hoge must only be Lsed when
connections are in-line.

Mouided hoses must be of the correct
shape and length,

Clean the pipe connections and apply a
thin layer of non-hardening sealing
compound when installing hoses {(Figure

Courtesy of John Deere Lid

Locate the hose clamps properly over the con-
naclions as shown in Figure 7-40 to provide a
secure fastening. An improperly installed
hose (1) will be blown off by the pressurized
cooling system or {2) will allow air to be drawn
into the inlet side of the pump., causing
aeration of the coolant which is very harmful
to the engine.

(7-40)

TIGHTEN HOSE CLAMPS SECURELY
Counesy ol Jonn Deere Lid
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CHANGINRG THE COOLING FILTER

Cooling filters should be changed at the time
miervals stated in the service manuals. A
typical maintenance procedure s given
below.

Cooling Filler Service

1 Check the condiion of the electro-
chemical plates. 4 and 6 in Figure 7-41, af-
ter every 500 hours of operation. If the
plates are rusted. pitted or corroded. they
should be cleaned with steel wool. and
then nnsed n cleaning solvent and dried
with hltered. compressed air. When the
plates are badly deteriorated. install new
ones,

L g

I

,slﬂ-k @

3 Ay
3 Q i 1 Corer Ball
' Y ¥ Cover
I} Covan Guiket
} # Lyper? fate
Lemit

4 Elrment
8 Lower Fa

% Spring
b ¥iier bady
# Hue

1 Cover Bolt

2 Cover

3 Cover Gasket
4 Upper Plate
9 Element

6 Lower Plate
7 Spring

8 Tiller Body
9 Plug

(7-41) WATER FILTER COMPONENTS
Courtesy of General polors CorPoralion

The sump at the bottom of the housing (8)
should be drained and cleaned out every
500 hours.

Change the filter element (5) every 500
hours {see Manual for Procedures).

After the filter has been reassembiled and In-
stalled. check the foilowing points:

1. Make sure the inlet and outlet shut-off
valves are open

Check all hoses. fittings and connections
for leaks.

Check the coolant level in the radiator
and replerish as neccesary o com-
pensate for losses during cooler ser-
vicing.

These points are exiremely imporlant. For
example. you can imagine what would happen
if the valves were not opened.

Sometimes the filter may be serviced when
the complete cooling system is drained and
flushed. When installing new coolant remem-
ber the following: never add rust mnhibitor to a
cooling system that has a water filter. The
filter contains a corrosion inhibitor

Tesling Anti-freeze

The strength of anti-freeze solution must be
sufficient to prevent freezing at the lowest
temperature expected. A number of lesters
are made to check the strength of anti-freeze
but a hydrometer is the most common one
(Figure 7-42). The hydrometer works on the
principle of a float in a sight glass rising to a
level that indicates the strength of the anti-
freeze.

REFERENCE

(7-42})
Courtesy of
ford Mo1or Company

To use the hydrometer. insert the hydrometer .
rubber hose into the coolant at the top of the
radiator. Squeeze the rubber ball of Ihe
hydromeler to draw up the Zoolant into the
sight glass. The floal will rise o a coriain
level, Compare this level to a reféerence scale
to delermine the strength of the anli-freeze
solution.
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BELTS

Belts have to be checked for their condition.
alhignment and lension

Belt Condition

Belts are not meant to nde on the ' >itom of
the groove When they do. they heat check
and crack (Figure 7-43) or grow hard and
polished A heat damaged belt indicates that
either it's badly worn. forcing it to nde too low
in the sheave. or that the sheave is dished out
(Figure 7-44).

HEAT CHECKED

1oy

(7-33} BELT RUINED BY TOQ MUCH HEAT
Courtesy of John Deere Lid

in addition to heat. grease and oil can also
ruin drive belts If oil or grease ts allowed lo
soak nto a belt. it can soften. swell and
generally detenorate very rapdly. Note that
on resistant belts are avallable for certain
engine locations that are unavoidably greasy
or olly. When o1l or grease 1s found on a belt.
wipe it off with a clean cloth dampened with a
detergent solution. Then dry the belt with a
clean dry cloth.

CAUTION: Never try to clean a belt while it
Is operating.

While inspecting the beits. the condition of
the pulleys or sheaves should be checked.
Examine pulleys for chips. cracks. bent
sidewalls. rust. corrosion or other damage
(Figure 7-44). Damaged sheaves cause rapia
belt wear and should be repaired or replaced
immediately

CHIPPED

DISHED
ouT

(7-44) DAMAGED SHEAVES
Couresy of John Deere Ltd

Qther poinils on bell condition:

—- A tear on the outside cover could be
caused by something interfering wiilh
the belt. Ticking sounds when the belt
is running may ndicate inlerference.

— A belt that has operated while rolled
over in the sheave groove 1s probably
damaged. Replace it.

— Store belts in a cool. dry pilace. If
stored on a machine. relieve tension on
the belts.

Belt Alignment

Misalignment soon causes a good belt to fail.
Misalignment usually occurs when the mcun-
ting for the component that the belt 1s driving
comes joose or has been improperly installed
Belt alignment can be checked by lining up a
cord or straight edge on the side of the two
pulleys. as shown In Figure 7-45 Make at
least two checks. 180 apart

CORD OR STRAIGHTEDGE

‘f

| CORRECT AUGNMENT |

f

INCORRECT ALIGNMENT A.2588

{7-45) PULLEY ALIGNMENT
Courlesy ol Generu Motors Corboration
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Belt Tension and Adjustment

To carry their full ioad, drive belts must grip
the entire area of contact with the pulley im-
properly adjusted belts can damage the
pulleys Loose belts undergo unnecessary
wear. they can siip. tear. burn or grab and
snap. Belts that are too tight. can also cause
problems They can damage the engine by
over-loading the crankshaft. crankshaft
beanngs. and accessories or accessory
bearings. Also. excessive lension on a bell
will stretch and weaken 1.

To get maximum hfe and performance from a
belt it must be run at the correct tension. Belt
tension can be checked by:

1. A belt tension gauge. Markings on the
gauge will wndicate correct or incorrect
tension (Figure 7-46).

2. Deflecting the belt (Figure 7-47):

(7-47)

7:25

The chart in Figure 7-48 shows the
amount of deflection different size belis
should have If a belt deflects 1/8 of an
mch too much or too hittle. readfust it.

17-48)

Table 2: Fan Belt Tension

Belt Width Deflection Per ft.
Inch {mm) of Span Inch {mm)

1/2 {12.700) 13/32  {10.3187)
11/16  (17.4625) 13/32 (10.3187)
314 (19.0500) 7716 (11.1125)
7/8 (22.2250) 1/2 (12.7000)
1 (25.4000) 9/16  (14.2875)

courlesy of Cuinmins Engine Co

The gauge is the most accurate method to
check belt tensicn but the deflection
method is very reliable too.

Figures 7-49, 7-50 and 7-51 show three
types of belt adjusting methods using
either slotted or elongated holes, Ad-
justing a belt requires moving one of the
pulleys away from the other if the belt is
teo loose. or vice versa, closer to the other
if the belt is too tight.

e
ADJUSTING BOLT IS IN
A SLOTTED BRACKET
(Gasoline Engingl

Courtesy of John Deere Lig
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ADJUSTING BOLT
{Diese! Engmne)

Counesy of General Motors Corporation

(7-51)

ADJUSTING BOLT IN
ELONGATED HOLE
(Diesel Engine)

| Counesy of General Motors Corporalion
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Some belt-pulley systems use a third WRORG!
pulley called an idler which is moved to HEVER FORCE
adjust the belt tension (Figure 7-52). BELT ON_SHEAVE

.
IDLER PULLEY IDLER

ON _/ LOCATED

SLACK SIDE  DRIVE NEAR
ORIVEN  poive

/’ SHEAVE i‘

{(PREFERRED)

DRIVE DRIVEN
(7-52} Courtesy ol John Deere Lid

/¥

IDLEROPULLEY IDLER NEVER FORCE A V-BELT ONTO A SHEAVE

N
TIGHTFSIDE DRIVE DRIVEN LONCEAALED Courtesy of John Deere LK

DRIVEN
DRIVE /= SHEAVE
(ACCEPTABLE) 3. Never attempt to check or adjust belts

white they are running.
DRIVE

(7-52) ORIVEN . V-belts stretch most during their first 24
hours of operation. Check the tension of a

Anidler pulley can be used on both a con- new belt after it has run for a few shifts.

tinuous and an ntermittent drive fan For . Never attempt lo correct beit shppage by
continuous dnve the idler s adjusted in a using a belt dressing. !f belts shp even
set position For intermittent drive the idler when properly tensioned. check for
15 moved in to apply tension and start the overload. womn sheave grooves. oil or
fan. and out (o slacken the tension and grease on belts. or seized bearings.
stop it The dler on the intermittent fan is

operated by a temperature controlled air . Note that more fan belts fail from being
cyhnder, too loose than from being too tight.

However. don't overtighten belts: you’ll
damage the drive component's bearings.

Good Practices When Installing and
Adjusting Bolls

1. When replacing dual or triple running
drive belts, replace the complete set of
belts at the same time. Uneven operalion
would result from running & new belt with
worn ones. Install them in the sets sup-
plied by the manufacturer. Never combine
belts from different sets,

Never pry a V-belt or force it into lhe
sheave groove. You can damage both the
belt and the drive component. Loosen the
tightener before installing the belt. (Figure
7-53).
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QUESTIONS — COOLING SYSTEM

What are the two basic purposes of the
cooling system?

True of False? In a hquid cooled system
the coolant flows into the bottom of the
radiator and out through the top.

What 1S the purpose of having the water
jackets hold only a small amount of
coolant?

The radiaior is a
for the coohng system.

Radiators work on the principle of
(a} currents

{b) convention

le) convection

{d) circulation

Whalt 15 the function of the water pump?

Engine temperature 1s automaltically con-
trolled by the use of 8

True or False? Thermostats that operate
alt 180°F or more improve engine
operation and reduce both crankcase
sludging and corrosive wear of engine
parts.

On what type of machines are blower
fans used rather than suction fans? What
is the reason?

Shrouding is used around a fan to:

(a) simply protect the fan blades.
{b) to ncrease fan efficiency

(c) quieten fan operation

(d) make it look neater

True or Faise? All belts fit the same just
the lengths are different.

Radiator shutters are:

(a) closed by sprng pressure and
opened by air

{&) closcd by spring pressure and
opened by spring pressure

(c) closed by air pressure and opened
by air pressure

(d) closed by air pressure and opened
by spring pressure

What is the purpose of the water filer?

ENGINES
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True or False? Any water. whether of
drinking qQuality or not. will produce a
corrosive environment in the cooling
system. Thus the need for

On an engine equipped with a coolant
filter and using anti-freeze., what
precaution must be taken when
changing the filter?

What is the most common problem with a
cooling system?

Leaks are easiest found when the sysiem
is

Give two reasons why some manufac-
turers do not recommend sealing com-
pounds to fix radiator leakage.

What is the major cause of air flow
restnction in aradiator and how can it be
improved?

What s the obvious sign of a hose 1hat is
deteriorated?

List the three things belts should be
checked for during a P.M. of the cooling
system.

List the three important checks that
should be made after installing a new
waler filter element.

The strength of the anti-freeze solution is
checked with &

(a} water meter

(b} ammeter

{c) hydrometer

{d) any of the above

True or False? A V-belt is designed to

ride on 1he sides and bottom of the
pulley.

A good maintenance practice for V-belts
on a vehicle thal is to be stored for a
period of time is to:

{a* adjust 1t for the correct tension
(b} relieve all belt tension

(c) remove the belt entirely

{d} cover the belt to protect it
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When replacing dual or triple drive belis
the recommended practice is to:

(a) replace all as a set

(b) replace only the worn onels)

{c) remove the worn one(s} and run the
other(s) until they need replacing

Refernng to the fan belt tension chart,
find out how much a 3/4 inch beit with a
span of 11/2 feet should deflect.
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LUBRICATION SYSTEM The basic lubrication system used on today's

engines is called a iull pressure system. Full

pressure means that ol 1s delivered under

pressure created by the ol pump to all the

The lubrication system does the foilowing vital wbrication areas of the engine Figure 7-

jobs for the engine (Figure 7-54). 55 shows a full pressure system and some of
the areas that it must serve.

The lubncation system is another one of the
live support systems common (o all engings

1  Reduces fnchier belween moving parts.

Absorbs and dissipates heat.

Cleans and flushes moving parts

2
3 Seals the piston rings and cylinder walls.
4
a

Helps deaden the noise of the engine.

2 OIL COOLS
MOVING PARTS

OIL FILM

REDUCES i
FRICTION 3 OIL HELPS THE

AND WEAR N\ 2 RINGS TO SEAL

(7-54)

WHAT AN ENGINE
OIL MUST DO

Courtesy of John Deere Lid

DEADENS NOISE y -
xzsoe 4 OIL CLEANSES THE PARTS
“PISTON

CAMSHAFT PIN BEARING
BEARINGS

Courtesy of John Deere Lid

OlL PUMF
CRANKSHAFT
MAIN BEARINGS AND FILTERS
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LUBRICATION SYSTEM COMPONENTS
Qil pump and relief valve,

Oil Sump — ysually referred to as Engine
Oil Pan.

Filter(s)
Cil Cooler.

Pressure Differential Valves for coolers
and fillers,

Breathers and vents.

Qit Pump

The oil pump is a positive displacement gear
pump which ¢an be mounted internally in the
sump or externally on the engine block. Qil
pumps are driven either by the crankshaft or
the camshaft or by the timing gear train. The
pump must distribute oil under pressure
throughout the lubrication system Ol
pressure varies in different engines usually
from 20 P.S.1. 1o 65 P.S.l., although some will
go even higher. To prolect the pump from
pressures higher than W is designed for, a
maximum pressure relief valve is located in or
near the pump. A further protection to the
pump is a pick-up screen on the intake line
that prevents large pieces of contaminant
from getting into the pump.

Oil Filters

Oil contamination reduces engine life more
than any other factor. To help combat it oil
filters are built into all modern engine
lubrication systems. The two basic types of oil
filters are syrface filters and depth filters
(Figure 7-56). In surface filters oil flows
straight through the filtering material.
whereas in depth filters the ol takes an
irregular path.

‘—

L 4
I (7-56)

DEPTH FILTER
Courtesy of John Deere Lid

SURFACE FILTER

Surface Filters have a single surface that cat-
ches and removes dirt particles larger than
the holes in the filter. Dirt is strained or
sheared from the oil and stopped outside the
futer as ol passes through the holes in a
straight path. Many of the large particles will
fall ;o the bottom of the reservoir or filter con-
tainer, but eventually enough particles will
wedge 1n the holes of the fille! i. |, revent fur-
ther filtration. At this point the filter must be
cleaned or replaced. The pleated paper filter
in Figure 7-57 is a surface filter.

) !
i B

|
|

{7-57) PLEATED PAPER FILTER
Couresy o' John Dee Lid
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Depth Filters in contras! o surface hllers. use
a large volume of filter material to make the
ol move 1n many different directions before it
finally gets into the lubrication system The
filter made of cotton waste in Figure 7-58 18 an
example of a deplh filter

X 14
(7-58)

DEPTH FILTER - COTTON WASTE TYPE
Courtesy o} John Deere Ltd

FILTERING SYSTEMS

There are two basic types of lltration
systems' bypass and full-flow Some larger
diesel engines uyse a combination of the fwo
systems

Bypass Filtration System

In the bypass filiration system there are two
separate ol llows. one to lhe beanngs and
one io the filter (Figure 7-50)

In this system. five to ten percent of the i
delivered by the pump 18 routed or bypassed
to the fiter instead of to the beann~gs. After
fillenng. the ol I1s returned to the crankcase.
This system 15 sometimes called a partial f.ow
because only part of the supply oil s hliered
at one fime.

The volume of o1l bypassed through the hiter
18 ihially controlled by a restriction 1n the
hiter outlet However. as the {low passages
become clogged, the volume of oii through
the filter 18 reduced and thus so 1S the volume
ol hltered ol returning to the crankcase. Ob-
viously then. the hiter and the ol must oe
changed regularly to provide properly filtered
o1l to the system

FILTER

FILTERED
o] 1 B

OIL TO
BEARINGS

PRESSURE UNF LLTERED

REGULATIMG
VALVE

I i Ty ST U N A
OIL

o | PUMP
o)

. — QL

PAN

BYPASS OIL FILTER
(7-59) Courlesy of John Qeere LIG

A mamn advantage of the bypass filtration
system is that because of the dwrecl feed from
the pump to the bearings there is a constant
oIl pressure at the beanngs. regardiess of the
condition of the filter.

Full-Flow Filtration System

in the full-flow filtration system there is only
one ol flow that travels from the pymp to the
filter and then {o the beanngs (Figure 7-60),
As in the bypass system., a pressure gauge
and pressure regulating valve are used.

FILTERED
QIL TO

PRESSURE UMFILTERED
REGULATING ' olL

OlL

/PUMP

|l Yoet oIl
J PAM

FULL-FLOw OIL FILTER Cige
(7-60) Courtesy of John Qeere Lid
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Filter Bypass Valves (Pressure Difterential
Valves)

Note the filter rehef or bypass valve n the
above <hagram Every filter n a full-flow
lubricalion system must have a bypass valve
When the filter 18 new. there 18 very [iftle
pressure drop through it. However. if the filter
gets clogged. the resulling additional
pressure wili open ihe rehef valve and allow
unfiltered od to bypass the filter and go direct-
ly to the beanngs. What would happen if a
bypass valve was not provided? When the
filter became completely ¢logged. pressure
wou |d build up on its inlet side. This pressure
would cause the regulating valve to open
completely, allowing all of the ol to return
directly to the crankcase. The result: a burn-
ed-up engine

The bypass valve. then, is & safely device to
ensure that the oil. filtered or dirty. wilj get to
the bearnings. The valve 1S usually set to open
before the liHer becomes completely clogged.
Figure 7-61 shows the filter bypass valve in
two locations. inside the filter and in the filter
mounting pad.

Many spin-on filter elements have the bypass
built into the element. When replacing a filter,
be sure to use only the recommended filter
because another type may not have the buill-
in bypass valve.

Bypss valves are often used with oil coolers
for the same reason that they are used with
fitters. If the oil cooler becomes ¢logged. oil
flows through the valve and back into the
lubrication system

Combination Fult-Flow and Bypass System

A combination of full-flow and bypass
lubncation systems is found in many large
diesel engines. The full-flow filter does the
pnmary filtenng and the bypass filter the
secondary filtering. As full-flow filtered oil is
distributed to all the vital lubrication areas. a
small amount flows through the bypass filter
from where 1t drains back to the sump. An
exampie of a full-flow bypass system is shown
in Figure 7-62. Note the fiter bypass valve, or
as its sometimes called, the pressure dif-
ferential vaive.

Ol Qutiet Spring

Valve
[T Poppet
Ol o Ol lInle
lalet  Qusler

!
I

Speng

{ [ Valve
Poppet

(7-61)

BY_PASS WVALVE IN
MOUNTING PAD OF FILTER

Courtesy of John Deere Lt

BY-PASS VALVE INSIDE
FILTER HOUSING




7:34

ENGINES
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(7-62)
TYPICAL LUBRICATING SYSTEM

Counesy of Mimstry of EducCahion
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Qil Coolers 1

Many lubrication systems use an ol cooler to
coal hot @il. and thus help dissipate heat
created by the engine. Most coolers use
engine coolant to cool the ol The oil coaler
may be mounted internally In the crankcase or
externally on the outside of the engine block.
Most engines yse an externally mounted oil
cocler. hke the one in Figure 7-63.

When the cooler is mounted externally both

coolant and lubricating oil are pumped
through 1t {Figure 7-64).
oL ot OIL N

e-_':g:-l

M&' - N -. - .
FORRINE | MATERISE s
NG byt PIPE £

COOLANT

ouT (763)

(7-64) OPERATION OF ENGINE

CIL COOLER
Courtesy of John Deere Lid
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Coolant flows through the tubes n the cooler
and oil circulates around the tubes. Heat from
the oil ts transferred to the cootant which then
travels to the rachator and is itsell cooled

Another common type of cooler works op-
posite to the one above. Instead of coolant
flowing through tubes. oil is pumped through
a small rachator-hke core and coolant 15 cir-
culated around it

A bypass valve 15 used with some ot coolers
to assure ol circulation if the cooler should
become clogged. Note the location of the ol
cooler bypass valve i the diagram of the
combined full-flow bypass lubncation system.
Trace the ol flow that would occur on a cold
slart when thick ol could cause both the filter
and the cooler bypass valves to open (Figure
7-62)

Bre athers and Vents

In every mternal combustion engine some un-
burned gases pass by the piston rings. If these
gases, called blow-by. are not vented they will
tend to build-up pressure n the ol pan. both
contaminating the ol and forcing the front
and rear pan seals to leak. Breathers and
vents remove the blow-by gases and the
pressure.

Two basic methods are used to allow the
engine to breathe:

1. open crankcase venlilation usSIing a road
draft lube or cover vents.

2. positive crankcase venhlation.

Open crankcase ventilation removes blow-by
gas through the road draft wbe attached to
the side of the engine {Figure 7-65).

Movement of the vehicle forward at speeds of
20 mph or faster creales a low Pressure at the
bottom end of the tube. Fresh air is taken in
through the fresh air breather at the top of the
engine. combines with the gases in the crank-
case, and then exits through the road tube,
The mixture of gas and air flows out the tube
because the pressure of this mixture is higher
than the pressure at the road end of the tube
(gases at higher pressure always move in the
direction of lower pressure). Most diesel
engines use the open ventilaton system.
having either a tube going from Ihe top of the
engwe down the side or vents on the valve
covers.

FRESH AIR ENTRY
THRU BREATHER

STANDARD
YENTILATOR
DRAFT Tyt

{(7-65)

Courtesy ol General Motors CorPoranon

Open venhlation 15 not used on gasoline
engines today because gasoline blow-by con-
tains hammful hydrocarbon fumes that con-
tribute greatly to air pollution. Instead.
positive crankcase ventilation is used.

FRESH AIR ENTRY

VENTILATION
YALVE

Courlesy of General Motors CorPOration

In this system a hose passes from the crank-
case. through a ventilation valve to the intake
mantfold. Fresh air enters the breather cap on
the valve cover. mixes with the blow-by gases.
and s drawn up by manifold vacuum through
the ventlation valve and into the intake
manifold. Thus the blow-by gases finally end
up i the combustion chamber again. The ven-
tilation valve. usually called a PCV valve. 1s a
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spnng loaded metenng valve which regulates
the amount of flow from the crankcase 1o the
mtake manifold

Besides contribuling to cleaner air in the en-
vironment another advantage of the posilive
ventilation syst2m 1S that tt: gases are
removed even when the engine s 1dling. The
open system requires vehicle movement (20
mph) to create the low pressure and the draft
necessary to remove the gases

MOTOR CILS

Motor oits — are often taken lor granted. it
isnt generally appreciated that they must
iubncate desmte high oxidizing condilions,
extreme iemperalures. and large amounits of
contammants High-output engines coupled
with reduced crankcase capacities and ex-
tended dran ntervals have all compounded
the severe conditions under which the oil
must perform

MOTOR OIL FUNCTIONS
{Courtasy of Imperial Qil Limited)

Wear Preventlon

Wear lakes place due lo metai-to-metal
contact of moving parts. as well as from
acidic corrosion. from rusting and from
the abraswwve achon of contammnants
carried n the oill. To prevent metal-to-
metat contact. motor oIl must mantam
sufficient wiscosity to provide a full fluid
fitm belween moving parts under all
operating temperatures. The wviscosity
must not be so thick. however. is to make
starting the engine difficult

Engine Cooling

Motor Qit 1s largely responsible for piston
cooling. The cooling 1s done by
transferring heat directly from the piston
through the ol film to the cylinder walls
and then out to the cooling system. and by
carrying heat from the underside of the
piston. crown and skirt to the crankcase.
Qits muslt therefore have good heat con-
ductivity. but at the same time (he oIl must
have adequate thermal stability {o resist
decomposilion when in conltact with these
hot surfaces.

Engine Cieaning

Over a penod of time oit starts to
detenorate and oxidizé The oxidation
causes the formation ol harmfut con-
taminants acids. varnish. carbon. sludge.

. P : .
——— e R
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Molor ol must minwmize the formation of
these contaminants i the first place. but
when they mevitably do form. the oil must
keep the contaminants in suspension so
that they don't settle nside the engine.

OiIl must also act as a cléeansing agent,
carrying to the oil filter abrasive con-
taminants that form I the engmne.

Cylinder Sealant

Cylinder pressures of 145 p.s.. &t crenking
speeds are not unusual. while combustion
pressures may reach 900 p.s.i. Piston rings
alore cannot seal off this pressure; they
need the help of the oil fiim between the
rings and the cylinder wall.

Control Engine Octans Requirement

Motor Ol must mimimize the formation of
oIl deposits n the combustion chamber,
These deposits decrease the voiume of
the chamber thereby increasing the com-
pression ratio and thus the octane
requirement of the gasoline. The deposits
are also a source of hot spots that can
glow and cause pre-ignltion.

Control Rust

Engine components such as valve stems.
hydraulic valve lifters. piston rngs and
cylinder walls are subjecied lo severe
rustng conditions Extended periods of
engne idling or short trip stop and go
dniving allow waler to accumulate n the
ol Also. condensalion of water on engine
parls can occur overnight when the
engme sn’t running. An essential function
of the motor oil is to provide a protective
film on engine parts to prevent rusling
when 1it's not being used.

Control Corrosion

Producis of combustion in-!ude corrosive
materials. such as acids. which ac-
cumulate n the engmne crankcase. Unless
tne engine oil can control the tedency of
these products (¢ corrode bearings and
other finely firashed surfaces, corrosive
wear will reduce engine hfe,

MOTOR OIL COMPOSITION

Motor oils are manufactured from base slocks
and fortified with additives to provide the per-
formance level required.
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Motor Oil Additives

1. Anti-Oxidanl — prevenls ol oXidation.
sludge and acid formalion.

Corrosion Inhibitlors — prevenl bearing
COrrosIon.

Detergent/Dispersal -- cleans engmne
paris and disperses sludge and other solid
contammmants. These detergents act
sim:lanly to soaps to remove deposits and
lhen to retain the deposits as finely
dispersed particles in the oil. Detergents
may become depleted and after prolonged
conlinued service they may not be able to
keep the contaminants in suspension.

Rust Inhibitors — prevent rusting of
engme parts. particularly hydraulic valve
lifters.

Pour Point Depressant — provides [ree-
flowing qualities at low temperatures.

Viscosily index Improver — viscosily in-
dex can be defined as a measurement of
the change n the wiscosity as the tem-
peraiure changes. The improver additive
reduces the rate at which the oil thins out
with tncreasing temperature.

Anti-wear Agent — prevents galling and
scoring of heavily loaded engine parts.
particularly the yvalve train. A widely used
material is a zinc-sulphur-phosphorous
additive often referred to as "ZDDP".

Reserve Alkalinity — new engine oils are
basic in composition to neutralize acids
formed by the combustion processes

Foam Suppressor — does not prevent
foam from forming. but renders the foam
unstable so that it settles quickly.

Whi'e there may seem to be a great many ad-
ditives used in motor oils. the concentrations
are often very Jow. Anli-oxidants and
corrosion inhibitors, for example. are used at
concentrations as low as 0.1%. High additive
oils may have as much as 12% detergent
present. The quantity of additive, it shouid be
ponted out, is not necessarily an indication ol
the quality or the strength of an oil.

CLASSIFYING MOTOR OILS

S.A.E. Classification

The most Important single property of a
lubnicating o1l 1s viscosily. Viscosity. as stated
earlier. 1s a measurement of the resistance ol
a liquid to flow. The viscosity of an oil 1Is
determined at specific temperatures: 0°F and
100°F and 210°F are the most widely used,
The viscosities of different oils can be com-
pared only at the same temperature. The
Society of Automotive Engineers (S A.E ) iden-
tify oils by their viscosity ranges. Motor oils
can have S.A.E. numbers of:

5W
— The higher the number the
greater the wiscosity (the
thicker) the oil.

Engine Service Classification

As well as an S.A E. classification. motor oils
are also classified according to the service
conditions under which they will be used. In
1970 a new crankcase oil performance
classification called “Engine Service
Classification” was established lo replace the
APl Service Classification formerly used. It
specificaily hsts the tests and perlormance
requirements for each uf the classifications.
and 1n addition. is open-ended to allow for the
addition of new performance levels as they
are developed.

The Engine Service Classification is divided
into two categones. The ~S" category refers
mainly to gasoline engine low temperature
requirements while the “C" category refers
mainly to diesel engne high temperature
requirements {Figure 7-67). Many applications
will call for a dual rated ol such as SD/CD
which requwes both extremely low and high
temperature performance levels.
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Engine Service Classification

LETTER SERVICE DESCRIPTION
DESIGNATION

SA Mon-additive 01lS. Not secom-
mended for crankcase ser-
vice

Light Duty Gasolne Non-
detergent Not aormatly
recommended for crankcase
SEemvICE.

1967 and earler gasoling
engineg serviCe 1n passenger
carS and Irucks

1971 and earer gasolng
engme servicé In passengér
cars and Irucks

Current and earher gasohng
engine servwice N passenger
cars and trucks

MIL-L.2104A Light duty diesel
enging service

Supplement 1
Moderale duly diesel engine
semnvice

MIL-L-21048 Moderale duly
diesel and gasoline enging
service

Caterpillar Series 3 Severe
duly diesel enginé service.

Refer to Block 4, Power Trains. for information
on handling and storing oil.

(7-67)

CourteSy of The Sociéty ol Automotive Engineers (5 AE)

PREVENTIVE MAINTENANCE SERVICE ON
LUBRICATION SYSTEMS

As part of the daily walk around check before
start uo the lube system should be inspected
for leaks. damage or deterioration. When
minor leaks are spotied. tighten fittings or
bolts: if thus doesnt stop the lzak repori the
condition to a supervisor Qil leaks should be
attended lo immediately. To be able to see
leaks better. keep a machine clean by regular
steam cleaning or migh pressure washing.

Oil level checks are a vital part of routine
maintenance on a vehicle Correct oil levels

should be maintained at all times. Follow
these practices when checking oil levels and
when topping up the oH.

1. Park the vehicie on level ground.

2 Practise cleaniiness. Use a clean rag to
wipe the area around the dipstick and to
wipe oil off the stick.

Check the oil level before starting the
engine. An enginé shouid be stopped for
at least five minutes before the oil level
1s checked. Some manufacturer’s call for
a running as well as a stopped check.
The dipstick on these machines will be
marked on both sides. on "Engine Stop-
ped” and the other "Engine Running”.

Figure 7-68 gives an example of a
manufacturer’s directions for an oil level
check on a crawier dozer. Note that the
check must be done when the engine js
running.

EYERY 10 SERVYICE HOURS
DIESEL ENGINE CRANKCASE

N

Check o lavel with engine at low 1die and oif
hot Maintain ol level between FULL and
ADD marks on ENGINE RUNNING side of
gauge (7-68)

Couresy of Caterpatlar Tractor Co

4. Check for enidence of water or fine metal
particles in the oil. When such con-
{aminants are found. further checking
~ll be neczssary lo determine where
they are coming from.

Keep records of quantities of ol added
between changes: a sharp tncrease of
top-up o1l usually indicates a rapdly
developing problem.

Conlaminated oil can senously reduce
engine life. When top-up o1l is required
be certain that the otl contamner has no
water or dirt 1n . Human error in not
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keeping 0.l Liean s one of the most com-
mon way. that contaminants enter an
engine

7 Use only o1l recommended in the serwice
manual

8 Do nol muix engine oils
9 Do not overil! the crankcase

10  Never operate an engine il the o1l guan-
tity 15 below the low-ievel mark

CHANGING ENGINE QIL

Over a period of ime o1l gets dirty and wears
out making 1l unhil for use. On the other hand.
lusl because crankcase ol 1s black. doesn't
necessaniy mean (he ol has to be changed
Since 1t s difficull to tell by just looking at ol
when it should be changed. the best policy 1s
to follow the manufacturer’'s recom-
mendations on ol and hiter changes.

In addition o scheduled ol changes many
cOMpanIes are now carrying oul oil analysis
programs The term oil analysis reters to a
laboratory analysis ol used ol which deter-
mines the types and amounts ol wear metals
present tn the ol By charting on a regular
oasis the amount of certain metals in oil, the
conditton of the paris that the oil lubricates
can be watched When a concentralicn higher
than has been the pattern of a certain metal
begins to appear. il indicates that the part
from which the metal has worn off 1s starling
towear more rapudly. The ‘aboratory can wam
the customer to take protective action pnor to
the wumit faibng Laboratones have con-
siderable expenence n detecting wear pat-
terns from used ol and can fairly accurately
state the condition ° nternal componenis
providing that samphng ts done on a regular
basis

In an o1l analysis program. o1l samples must
be taken from each lubrication syslem on the
machine. eg engine oil. hydrauhc oil. final
dnve oil. brake and transmission fiuid For oil
analysis to be successful .amples must be
taken on a regular basis: between 125 and 250
hours for engine o1l and 250 10 500 hours for
all other jubncabion systems Qi samples
must be taken when the ol 1s warm and
thoroughly mixed There are vanous methods
ol taking the samgples a valve or petcock put
straight into a main ol ling. a suction gun with
a sample jar to take <l from dipstick and oil-
lill holes. a lhick rubber bulb imcluding a one-
way check valve a vac cap and a sample )ar.

"

It musi be stressed that a good ol sample.
one that i1s not cross-contaminated wath
another ol system. 1s essential for an ac-
curale laboratory analysis
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SEh . 3 WEAR/CONTAMINATION (SAMPLE) sw's o”‘ I AA
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Couriesy of Lubncon Consultants tn¢
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PROCEDURES FOR CHANGING Oit AND
OiL FILTERS

Procedures for changing ol and filters are
much the fame [or all engines However. the
number of fikers. the dran location and the
capac-ty of the system will vary from €ngine to
engdne Some good practices to foliow are

1. Move the vehicle to a level area.

2. Run the engmne long enough {15 munutes)
to warm the oil. and then stop the engme.
When the oil 18 warm contaminants will
mux with the o1l and will drain out with it.

3 Make sure you know the capacity of the
system and have a container large
enough to hold all the drained oil.

4 If an ol sample is 1o be taken. do so at
this point (Within 15 minutes of shut-
down.)

5 Remove the plug carefully. Caution: Hot
oil can burn.

6. Cramn the filter{s) if they are equipped
with a2 drain. and then remove the filter
element. Take a few seconds to inspect
the old filter element (Figure 7-70).
especially if oil sampling is not done.
Evidence of metal ships will indicate thal
there are problems within the engine
requirtng immediate attention.

(7-70) INSPECTING PAPER ELEMENT PLEATS

Courtesy of Cummins Engine Co

10.

7:41

Wash the filter housing{s) and install a
new filler element. Replacing some oil
filters requires installing new gaskels or
sealing nngs. Be sure the sealing sur-
faces on the engine and filter are clean.

Replace all drain plugs.

Referring 10 the service manual for the
correct type and amounl of oil. fill the
crankcase with oil.

Remove crankcase breathers and
thoroughly wash them with solvent or
kerosene. Below are typical direclions
from a service manual on how to clean a
breather:

Clean brealher element (Figure 7-71)
in cleaning solvenl and dry with com-
pressed air. Wipe out breather
housing. Soak element in o1l: drain out
excess. Check gasketl: replace if
damaged.

(7-71) CRANKCASE BREATHER — MESH ELEMENT
Courlesy of Cummins Engine Co

12.

13.

14.

Starl the engine, run for ten minules and
check for leaks.

Check oil level with engine slopped and
top-up as required.

Keep a record of all 01l and hilter changes
to be sure of regular engine service

New or rebuill engines require oil and
filter changes after a specified break-in
period. Perorming this service on time is
very imporani since foreign materials
accumulale in the oil at a faster rate
dunng initial operalion than laier when
the engine is broken in.

U O VU P
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Flushing The Lubrication System

A lubncation system s generalily flushed
when 1l becomes contaminated with coolant.
fuel. or melal chips What flushing amounts to
1s changing the oul twice To flush the engine
foliow lhe same procedure as changing the
oil drain. change filters. refill Refill with the
same grade of enging ol as reguiarly used or
with a recommended flushing oll Run lhe
engmne unil the o1l 1s warm. and then com-
pletely drain the system and ciscard the
filters

Renew he filters. including new seal Nngs
Refili the crankcase Run lhe enging and
chuuk fOr leaks Shutdown the enging and
check the oil level

For an engine that 1S gcontaminated with metal
chips such as would occur afler an internal
failure. the same flushing procedures would
apply as above. but with these additional
flushing and precautionary measures:

1 Remove the ol cooler and flush it

2 Remove any external bneés such as a
bypass filier hne. flush and blow them
clean with compressed air

3 |l the engine has a turbo charger. remove.
flush and blow clear the {urbo lube lines

33




1

ENGINES

QUESTIONS — LUBRICATION SYSTEM

Two of the functions of the lube system
In an engine are to reduce . __
between moving
parts and absorb and dissipate ______

Trie or False? Most engines today yse a
futl-pressure lube system.

What protects the oil pumps from over
préssunzing”?

What are the two crmmon lypes of ot
filter systems

{a} Full pressure and low pressure

("  Full flow and bypass

{c) Full flow and medium flow

(d Partial flow and bypass

Give an example of a suyrface filter-
element.

On a bypass filter system when the ol
:1;: passed through the fhiter 1t goes to
(a) beanngs

(b} valve cover

(c) camshaft

{d} crankcase

On a full-flow fdtration system the o1l al-
ter passing through the fiiter goes to the-
(a} bearnngs

(b} valve cover

(c) camshaft

(d} crankcase

What occurs within a full-fiow o1l filter if
the filter becomes plugged?

What 1s the function of the pressure dif-
ferenial valve beitween an nltet apd
outlet line of an oil cooler?

Vihy 1s crankcase ventlabion so m-
portant?

True or False? There s a swmple
equation between addilives and ol
quahty the more additives, the better the
oil

The 8 AE number identifies oils by their
range The higher the
number the .. __ the ol

14
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What are the two categornes that engine
olls are divided into for service
classification?

What 1s onl classified as CC suitable for?

True or False? An engine should be stop-
ped for at least five minutes before the
ol level 1s checked.

What does the term ol analysis refer to?

What is considered to be an ideal sampl-
1ng nterval for engine oil analysis?

(a) 10 to 50 hours

(b) 50 to 100 hours

{c} 125 to 250 hours

{¢) 250 to 500 hours

What nformation can a regular oil
analysis program give you?

Why skould oil be warm when 1t 15
drained for changing?

Under what three conditions would 1t be
necessary to flush the engine's lube
system?
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AIR INDUCTION SYSTEM
The amr induclion system must

1 Supply an abundance of clean air for com-
bustion The ar must be at the right
degrae of coolness and the air intake
nust not be too nNOISY

Supply aw to ad in scavenging burned
gases from the cyiinder.

Three types of sysiems are used to supply arr
to an engine:

1 Naturally aspwrated. and  naturally
aspirated and scavenge blown

Turbo charged.

Turb. charged and aiter cooled.

PRE-CLEAHER

L CARBURETOR ON GASOLINE
ENGINE

S

T+

AR CLEANER

INTAKE
KANIFOLD

(7-72)
NATURALLY ASPIRATED AlR SYSTEM

The naturally aspirated system. olten referred
to as N.A .15 the simplest of the air induction
systems. The lerm naturally aspirated is ex-
p.ained as follows: aspitdting refers to the
drawing in of air. A naturally aspirated engine
15 said to draw in air or breathe naturally On
the piston's ntake stroke. air via the air
cleaner i1s drawn into the engine. No aids are
used 1o help get the air in or out of the engine.
ar is drawn 1n because almospheric pressure
15 higher than the pressure in the cynnders.

In a naturally aspirated o1 N.A, &niginas (Figure
7-72} air enters the cleaner and flows to the
carburetor where it mixes with gasoline. From
the carburetor the mixture travels through the
intake manifold and enters the combustion
chamber at the intake valve.

In a nzaturzlly aspirated engine. since there 15
no carburetor, aw travels directly from the
cleaner through the intake manifold and into
the combustion chamber where it is mixed
with injected fuel.

EXHAUST
VALVE

el
I
1

/

{
EXHAUST
HAHIFOLD

RN

Courtesy o1 John Deere Lid

CYLINDER
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A naturally aspirated. scavenge blown air
system 1s simitar to the basic N.A. system ex-
cept that an aw pump. driven by the engine is
used to supplement the natural intake stroke
breathing. This scavenged blown Ssysteém 1S
used on two stroke cycle diesel engines (e g.,
Detroit Diesels) when intake ports rather than
intake valves are used (Figure 7-73).

The air pump. called a Roots Blower. creales
a posilive pressure approximately 4 psi within
a chanber that completely surrounds all the
cylinders The chamber is called the ar box
When the piston 1s at its lowest point the in-
take ports are open and the exhaus! valves
are also open Fresh pressurized air in the air
box rfushes into the cylinder forcing the
exhaust gases out through the open exhaust
vailves. The pump eénsureés complete
scavenging of all the exhaust gases (thus the
name scavenge blown). as well as ensuring a
plentiful supply of fresh air for the next power
stroke

AIRBOX

EXHAUST
VALVE

INTAKE
PORT

INTAXE AND EXHAUST

One of the drawbacks of a naturally aspirated
air system 1s that the amount of air that the
engine can take inis limived and therefore the
enging’'s horsepower is limited A turbo
charged system brings more air into the
engine cyhnder and thereby increases the
engine's horsepower The turbo charged
systeém uses an exhaust driven turbine to drive
an air compressor. By compressing the air
more of it can be packed into the combustion
chamber. With more air {i.e., oxygen) in the
cylinder. more fuel can be burned on the
power stroke and thus the increase in horse-
power. Although a turbo charger is a
precision built device that can operate at
speeds up to 130,00 RPM. it is a relatively sim-
ple. durable pece of machinery Figure 7-74
shows the basic parts of a turbo charger.

COmFRESSION POWER

(7-73) ONE-VALVE TWO-CYCLE ENGINE

FLOATING
BEARINGS

TURBINE

(7-74})

1
WITH BLOWER Courtesy of John Deere Lig

THRUST COLL AR

COMPRESSOR

Courtesy ol John Deese LId
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Exhaust gases on their way (o the mutfler pass
through the turbine housing and rotate the
turbine wheel The turbine wheel in turn drives
the compressor The compressor takes ar
that has come n from the air ¢cleaner. com-
Presses it. and discharges it into the intake
manifold where it travels lo the combustion
chamber (Figures 7-75 and 7-76).

EXHAUST AMBIENT
AIR v
INLET

TYURBOCHARGER

EXHAUST
AMBIENT AIR GASES

COMPRESSOR
AIR DISCHARGE

TURBINE

TURBINE
EXHAUST GAS

COMPRESSOR

WHEEL

(7-79)

ENGINE CYLINOER b’

OPERATION OF BASIC TURBO CHARGER
Courtesy of John Deere L1

The mcrease n the pressure of the com-
pressed ar delivered by the turbo charger 18
called boost pressure The beauly of a turbo
charger 1s that boost pressure 1s at iIts highasi
when the engme needs it most. Since lhe
compressor 18 run by exhaust gases. boost
pressure 1s at maximum when the engine 1s
operating at full load Tne boost can reach 15
ps1 or higher Thencrease in boost pressure
as the engine toad increases 1 important n
terms of getting the air into the cylnder
When an engine 1$ running al 2500 RPM the
mnlake valves are open less than 017 seconds.
With the air under greater pressure. 1l takes
less ume for 1t lo gel mto the cylinder In ad-
dilion to turbo chargers. some engines are
equibped with a cooler installed between the
furbo charger and the ntake manifold, 11 18
referred to as an after-cooler or intercooler
Such an arrangement 1s called turbd charged
and after cooled

(7-77)

EXHAUST GAS
INLET

(7-76} TURBO CHARGER

Couresy of Detsoit Diesel General Morors Corpora.-on
INTERCOOLERS

When the turbo charger compresses the
engine intake air. the air becomes heated
(due to compression) and expands. When the
heated air expands, it becomes less dense,
The result is that part of the purpose of the
turbo charger is defeated because less air is
forced into the engine. To overcome this con-
diiion. some turbo charged engines are equip-
ged with an Intercooler. An intercooler is
rwinng more than a heat exchanger: the
hzaied intake air flows over a series of ubes
threwgh which engine coolant 1s circulated
anc tne air is cooled. as shown in Figure7-77.

1

Thddss

AlR INDUCTION AND EXHAUST 1—Coolani inlels 10 afiercoolers 2—Coolant

ISCHEMATIC)

Courtesy of Caterbillay Tracior Company

outlets from aftercoolers 3—Attercoolers
4 —Awcleaner ar iplet S—Aw Iransfer pipes
6~—Turbo charger cempressor wmpelier
7—Turbo charger turbine wheel
B8—Exhaust outlet 9—Exhaust manifoid
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The intercooler reduces the temperature of
the compressed air by 25 to 30°C. The
reduced temperature makes the air denser
allowing more to be packed wnto the com-
bustion chambers. The result 15.

1. More power: Sufficient air is provided to
burn the fuel resuling in higher horse-
power.

Greater economy’ The fuel i5 burmed more
completely, giving more power from a
given amount of fuel.

Quieter combustion: By lowering the tem-
perature of the air for fuel-air mixing,
there 15 @ smoother pressure rise in the
engine cyinder. Figure 7-78 shows a

typical inlercooler mounting.
e g (7-78) TYPICAL INTERCOOLER MOUNTING

HOUSING LINKAGE _ INLET TUBE
SHUTDOWN SHUTDOWN ' S

ol
SURPLY
LINE

N P

IR A
g, N

T

Courtesy of General Motors CorPoration
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AIR CLEANERS

Clean air is essennal to salisfactory engine
performance and long engine lfe. The air
cleaner must remove fine materials such as
dust and blown sand as well as coarser
materials such as chaff or lint. This residue
coliects in a reservoir which must be large
enough (hat operation is maintained over a
reasonable penod of time before cleaning and
servicing is necessary. If an air ¢leaner is not
cleaned buildup of dust and dirt in Its
passages will eventually choke off the air sup-
ply. causing incomplele combustion and
heavy carbon deposits on valves and pistons
Muliiple air cleaner installations are
sometimes used where engines are operated
under extremely dusty air concitions or where
two small air cleaners must be used in place
of a single large one.

The most common lypes of air cleaners are
1. Pre-cleaners

2. Dry element cleaners

3 O bath cleaners

Pre-Cleaners

Pre-cieaners (Figure 7-79) are usually in-
stalled at the end of a pipe extended upward
into the air from the air cleaner inlet. In this
locat:on pre-cleaners are relatively free of
dust Pre-cleaners are simple devices which
remove large particles of dirt or other foreign

{7-80)

Dry Element Type
Air Cleaner

o e g A e <. M =g -

ENGINES

matter from the air before it enlers \he main
air cleaner. They relieve much of the 1oad on
the air cleaner and allow longer intervals be-
tween servicing. Most pre-cleaners have a
pre-screener which prevenls linl. chaff. and
leaves from entering the aw intake.

COLLECTOR
BOWL

PRE-CLEANER

PRE-SCREENER
Pre-Cleaners and P.3-Screeners Keep Large
Foreign Particles From Reaching the Air Cleaner
Courtesy of John Deere Lid

Dry Element Air Cleaners

Cylindrical Dry Element Cleaner {vane and
tube type)

Atmosphenc aw enters the inlet opening of a
dry element air cleaner (Figure 7.80) where 1t
immedialely travels through a ring of vanes o
tubes which create a cyclonic twist to the air.
The air twist throws most of the dust and dirt
particles outward and down into a removable
dust cup. The air. now cleaner. passes
through a paper filter which removes the
remaining dust.

AIR
LEANER
800

Couriesy of John Decre LI
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Panel Cartridge Dry Eiement Cleaner

MOISTURE
Pane cartndge dry element cleaners (Figure ELIMINATOR ¢

7-81) have a \wo-stage clearing process
simiar 0 lhe cylindrical models Delflector
vanes create a twist in the mcommng air which
throws out most of the dust. The air then
spirals back through the cleaner’'s element
which removes the remammng dust.

—
\\\':‘-\‘..

Courtesy of

Cummins Engine Co %"‘“’““‘"&DUST BIN

Oil Bath Cleaners
Oil balh cleaners have a cleaning elemen| in-
side a housing that contains ol {Figure 7-84).
Incoming air reverses when it strikes the sur-
face of the oil causing most of the dirt 10 be-
s SECOND STAGE  COme trappgd by the oil and settle i the
(7-81) sump. The air then passes upward through the
mamn cleaner element where more dust and
PANEL CARTRIDGE AIR CLEANER suspended oIl 15 removed. These second-
Courlesy of Cummins Engime Co stage filtered contaminants drain back into
the sump and also settle oul of the oil. Clean
air leaves the cleaner at the air outlet. Light,
medium and heavy duty cleaners are
available. Note that the space above the mamn
element in the air cleaner acts as a silencer to
subdue intake ROIS€. Coynesy of Jonn Deere Lid
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Some panel cartndge air cleaners use an
exhaust aspirator to remove the dust through
the exhaust system (Figure 7-82)

L/

CARTRIDGE TYPE-AIR CLEANER-TWO STAGE - i |
Courtesv of Cummins Engine Co ",\; vl
Other panel cartrtdge air cleaners replace lhe
first stage of cleanng with a moisture EL'E‘:"ENT-
elimmnator Some vehicles such as on-highway )
trucks are subjected to water/salt spray and N A iN
the 1rcomIng air needs Lo have the moisiure -
removed [1om 1l belore 1t reaches the dry hilter
element Attached to the front of the cleaner.
the ebminator traps and expells the moislure
from the wet ar and then sends the dry air o
be further cleaned by the paper filters (Figure
7-83)

AlIR FLOW THROUGH HEAVY-DUTY OiL
60 BATH AIR CLEANER
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CLEAN
AIR TO

[ =4
FILTERING ENGINE

ELEMENT

oiL SPRAY
DRAWN UP,
CLEANS

PARTICLES
FROM AIR SRR . —

3 Service filter element when red signal reachos

SERVICE LEVEL. then reset indicator.

. ¢ T.5624

A&
A . S,

(7-85) AIR FILTER RESTRICTION INDICATOR
Couitesy ol General Motors Corporalion

(7-84) MEDIUM-QUTY QIL BATH AIR CLEANER
Counasy of John Deeve Ld

AIR FILTER RESTRICTION INDICATOR

The air filtar restriction indicator (Figure 7-85)
15 a waining dewvice that tells when the air
tilter 1s aurty and needs to be serviced. The 1n-
dicator 1s corstructed s, the warming notice 1s
gwen before any damage occurs lo the
engine as tne rssult of a clogyed filter
elemen? The resinclion indicator 1s located in
the &ir infet marmfold and 1s teadily visible
when the eng:ne compartmeni 1s oper. The in-
dicator itseHf requires no service other than
resetling.

When the hilter element 15 clogged (o such a

degree that air flow is restncted, a red in-

dicator nng appears in the transparent area ol

the body marked “'service level”. This 1s the

signal that the air cleaner must be serviced.

Alter servicing the cleaner. the indicator s

reset by depressing the buttor on top of it.

The red ring will then move out of the trans- {7-86) AIR FILTER RESTRICTION GAUGE
parenl area of the indicator. (TYPICAL)

NOTE Some vehicles will have an aw Comnesy of General Molors Corporavor

resiriction gauge rather than an in-
dicator The restriction gauge (Figure
7-86) 15 located on tne panel board in
the cab and performs the same func-
tlon as the indicator.

ERIC

PAFullToxt Provided by ERIC
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TUBING, HOSE AND CLAMPS FOR
AlR INDUCTION SYSTEMS

Air induction piping works in conjunction with
the ar cleaner o carry clean air to the engine.
It is importent that all the piping joints are
properly sealed and free of leaks. An air
cleaner is completely ineffective if leaks oc-
cur in the piping between the air cleaner and
the engine.

Dirt 1s the basic cause of wear on pistons.
rings. hners and valves. One of the most prob-
able places for dirt to enter an engine is
through an opening in air induction piping.
Field experience has shown that mosl air
leaks occur when wire reinferced hoses are
used in the wr nduction system. The leaks
are caused by wire wearing through the hose
fabnc and they are often barely visiLle to the
naked eye. Even a very small hole can allow
large guantibes of dity air to enter an engine.
Therefore. wire reinforced hose is not recom-
mended for air induction tubing.

Smooth-Welded Steel Tubing

Smooth-welded steel tubing (Figure 7.87)
should be used instead of flexible hose or
metal tebing that has rough-weld steel tubing
angle joints Smooth welded steel tubing has
a smooth surface that gives a good sealing
contact with rubber connecting hose.

)

(7-87) SMOOTH-WELDED STEEL TUBING
Countesy of Cummins Engine Co

Connecting Hose

Steel tubing is Jjoined by connecting hose
{Figure 7-88). The hose has a built-up hump ai
iIts center to give it strength and durability.
MNote that ideally two pieces of tubing when
connected by a hose should be 3/4 inch (19
mm) apart.

(7-88) CONNECTING HOSE
Countesy ol Cummuns Engine Co

Molded Rubber Elbows

To make angular connections molded rubber
elbows are used (Figure 7-89) Elbows are
avallable in both 90° and 45° angles A 90°
elbow with ribbed reinforcement is also
available to prevent possible collapsing under
high temperature conditions or high inlet
restriction.

{7-89) MOLDED RUBBER ELBOWS
Courtesy of Cummuns Engine Co

Hose Clamps

“T" bolt type non cnmping hose clamps
{Figure 7-90) should be used on air induction
systems When tightened. the clamp exerts
equal pressure around the circumference of
the hose. A lock nut prevents the clamp from
s.pping. and thus assures a tight permanent
seal

(7-90) T-BOLT HOSE CLAMP
Couttesy ol Cummuns Engine Co
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Figure 7-91 illustrates the tubing, connecling
hose and clamps used on a typical dual infet
air wnduction system for a large engine

Inlet Cap
Extension

Clamp Assembly
Either Starting Aid
Tube

Support

Elbow

Clamp
Tube

. Air Cleaner Assembly

Band Brackels
Front Supporls
Rear Supporis
Engine Infets

Counesy o General Motors Corporation
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PREVENTIVE MAINTEMANCE ON AlR
INDUCTION SYSTEMS

Good maintenance practices on air induction
systems’

1. Keep 1he air cleaner-to-enying Ccon-
nactions tight,

Keep the air cleaner properly assembled
so all wints are ol and ar tight.

Penodically make & careful examination
of the air induction system for teaks. Over
a period of time enough dusty air can pass
through even a small crack to severely
damage the engine

When conditions are dusty frequently in-
spect the cleaner.

Service oil bath cleaners often enough to
prevent oil from becoming thick with
sludge

Use the comrect grade of oil. Keep the oil
&t the proper lavel i the cup. Do not over-
flk.

NOTE Ol from an overfilled cup can be
drawn into 2n engine. The over-
flow oil can cause a diesel

engine o run away (overspeed)
and severely damage itsell.

Always practice cleanliness when
working on &ir systems. Some points ol
caution are:

(a) Be careful when working around an
open air intake with the engmne run-
rning. Aags. loose clothing or other
objects can be drawn into the engine
and severely damage it

Never leave an intake pipe open. Ar-
ticles can be dropped inlo an open
pipe and cause senous damage
when the engine is started. Don't
cover the opening with a rag but with
something hard such as a piece of
piywood.
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AIR CLEANER SERVICE

Refer to the service manual about cleaning
procedures for parhicular air cleaners. Typical
air cteaner service procedureés are given
below.

Prae-Cleaner and Pre-Screenar Service

COLLECTOR
BOWL

)
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(7-92)

Courntesy of John Deore Lid

if too much dirt 18 allowed to collect 1n the pre-
cleaner. 1t becomes clogged and a greater
load 15 placed on the main cleaner. Remove
the pre-screener and blow or brush off any ac-
cumulation of lint. chaff. or other foreign mat-
ter (Figure 7.92} If the pre-cleaner has a
removable collector bowl. take it off and
thoroughty clean it

Dry Element Air Cleaner Service

Servicing dry element air cleaners involves
emplying the dust cup and either cleaning or
replacing the dry element (Figure 793} The
element should be replaced if 1118 damaged or
if tt has been in normal service for one year.

RESTRICTION
INDICATOR

Courtesy of John Deere Lid

Clean the filter element at the following times:

1 Units with restnction indicators: clean the
element whenever the ndicator signal
shows a restrichion.

Units  without indicators: clean the
element at recommended intervals or
more often dunng dusty or unusual
operation

To clean the hlter element shake it vigorously
to remove most of the dust Use compressed
arr or &8 vacuum cleaner {0 remove any
remaining dirt (Figure 7-94).

Pattind The Element Blowlnn T4, Llement

{7-94) CLEANING THE DRY ELEMENT
Counesy ol John Deere LLJ
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il the element s sull dirty. il can be washed tn
a solution of luke warm water and commercial
filter-element cleaner or siilar non-sudsing
detergent Washing dry elements has become
quite common because of the high cost of the
elements They can be washed up 10 six imes
The washing can be done 1 2 shop but more
likely the elements will be sent out to com-
panies who prowide this service. Spare
elements should be kept on hand to use in
vehicles while others are being washed and
dned. After an element 1= washed 1 should be
checked and stored as shown i Figure 7-95)

CHECKING ELEMENT

and
dry elément Check elemeént.
wscard elemenl if pin holes or
tears are found

2 WraP aad Store elemeals in 3
clesn dry place

{7-85)

Couresy of Carerpiltr Tractor (o

Medium and Heavy Duty Oil Bath Air Cleaner
Service

For 2 meawm-duty air cleaner. remove the oil
cup. pour out the oil, remove the sediment and
tnoroughly clean the cup (Figure 7-96). When
rehlling the cup use the same ol as 1s used in
the engine Inspect the under.surface of the
fixed eiement for a collection of lint. trash. or
other foreign matter If any of these are
present. the cleaner should be removed and
cleaned.

| AIR
CLEARER

01

(7-96)
HEAVY-DUTY AIR CLEANER O1L CUP AND TRAY
Courtesy ol Jonn Deere Lid

To clean lhe element soak It in solvent to
loosen accumulated dirt. Thoroughly flush the
element by rinning solvent through it from the
air inlet end. Allow excess solvent to drip out
Blow out the element with compressed air

CAUTION: Never attempt to clean the
element with 8 stéam cleaner.
The force of the steam cannot be
maintained throughout the
element and will only force the
dirt to the center of the element.

Wipe out the center tube with 3 clean lint-free
cloth. Inspect the nside of the arr ¢cleaner-to-
manifold pipe for accumulation of oil and dirt.
If necessary. remove the pipe and clean it. A
heavy duty ol batn cleaner 1s cleaned in 3
similar way to a medium duty one. In addition.
though. some heavy duty cleaners have 3
collector screen(s) attached 1o the inlet tube
which must be ¢leaned. Wash the screen in
solvent and blow It out with compressed air.
When a clean scre 2n s held up to the light. an
even paltern of hgnt should be wisible 1f the
screen doesn't pass this test repeat the
cleaning operation or replace it.

NOTE. The hxed elements of heavy-duly ar
cleaners are self-cleaning However.
it may be necessary to remave and
clean these etements periodically
See the operator's manusl lor com-
plete mformation.
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QUESTIONS — AIR INDUCTION SYSTEMS

What are the three types of ai ino.chion
systerns used lo supply air to the engine?

Briefly explam how a scavenge blown
engine differs from a patural aspirated
engine.

The Turbo charger i1s driven by

{a; gears in the engine

{b) o1l pressure

{c) exhaust driven turbine

(d} intake dnven compressor

How does a turbo charger get more air

into the combustion chambers than a
naturally asprrated engine”?

Under what condition does a turbo
charged engine recewve s maximum
boost pressure?

An after cooler (intercooler) 15 used 0.1 &
turbo charged engine to;
(a) cool the exhaust gases

{b) cool the inlet air before 1t enters the
engine

{c) cool the inlet air before it enters the
turbo charger

{d) cool the exhaust mamifold

What are the three most common types
of air cleaners?

True or False If an engine has a pre-
cleaner 1t doesn’t need a main arr
cleaner

what 1s the purpose of the circular or
deflector vanes 1n the dry element air
cleaner?

in an ail bath air cleaner. what happens
to the air when it stnkes the surface of
the on?

What indication does an air restrictor in-
dicator give when the ar filtor needs ser-
vicing”?

(a) a hight comes on

(b) a buzzer sounds

{c) aredbandis visible on the indicator
{(d} tt won't allow the engine to start

/
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When servicing an o1l bath air cleaner,
what 1s the danger of over hilling the
cup?

List two safety practices to be observed
when working on an air induction
system

How often should a dry air filter etement
be cleaned?

Why should an oil bath air cleaner not be
steam cteaned?

True or False? A minor leak tn air in-
duchion piping between the aiwr cleaner
and the engine probably won't do too
much damage.

What type of a1l 1s used 1n an ail bath air
cleaner.

In a medwm-duty ol bath cleaner the
cleaner should be removed and cleaned
if

(a} the oil is low

(b} the ot appears to be dirly

{c) hint and other contammnants appear
on the underside of the element
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EXHAUST SYSTEMS

Tie lunction of the exhaust system 1s to
colect exhaust gases from the engine cyhn-
ders and disperse them. qQuietly The exbhaust
system consists of the following parts

Exhaust Valves seal the burning gases within
the cylinder untit most of the energy has been
expended. and then open so that the cyhnder
can clear before the next air or fuel-air charge
15 admitied

Exhaust Manifolds receive burned gases from
each cylinder and carry them away from the
engne (Figure 7-97) Some heat from the
exnaust manifold 1s used In gasoline engines
to maintain the intake mamlold at the proper
temperature

(7-97)
EXHAUST MANIFOLD (GASOLINE ENGINE}
Counesy of John Decre Lid

Turbo Chargers use exhaust gases (o drve
the compresso” turbine

Mufflers carry away exhaust gases and heat.
and muffle engine noise The exhaust ports In
the engine and the passages in the exhaust
manifold are large enough to allow complete
scavenging and expansion of the escaping
gases If any burned gases were left n the
cylinders following the exhaust stroke. the
amount of air or fyel-air mixture that could be
taken In on the pext ntake stroke would be
trmited Engine power would be reduced and
fuel consumption I 2ased

-] - ] ln
o 9

STRAIGHT_THROUGH MUFFLER
{7-98)

Courlesy of John Deeie Lid
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oo E.FLOW MUFFLER
(7-98)

Courtesy o John Deere Lid

MUFFLERS
There are two common types of mufflers;

— Straight-through
— Reverse-flow

Straight-through mufflers consist of a per-
forated inner pipe enclosed by an outer pipe
roughly three times larger in diameter. The
space belween the pipes is sometimes filled
with a sound-absorbing and heat-resistant
matenal {Figure 7-98).

Reverse-flow mulflers are hollow chambers
using short pieces of pipe and baffles to force
the exhaust gases to travel a back-and-forth
path before being discharged (Figure 7-98)

Mufflers reduce engine noise. but at the same
tme they must not restrict the flow of exhaust
gases enough to cause back pressure in the
exhaust system. Back pressure cauyses in-
complete cylinder scavenging which 10 turn
causes loss of power and increased fuel con-
sumption Excessive back pressure can even
damage combustion chamber components.
For each two p.s i. of back pressure about four
engine horsepower are lost. The trade-off in
muffler design then 1 (o keep back-pressure
at a mmimum while keeping the noise at an
acceptable '~vel, Note that special muiflers
are made to minnmize the addiblonal noise on
systems that have engine brakes.

it —— e —. T e epyer——
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Muffler and piping size 15 related la engine
capacity Usually the muffler volume 18 equal
to six to eight times engine displacement
(engne displacement is the total volume of
air/fuel mixture an engine theoretically can
take into all cylinders in one cycle) Bends i
exhaust piping should be gradual. not sharp.
so that gas flow is not restricted. The general
rule for bends 13 that the ;adws of the bend be
fou: to hve times the diameter of the twbing
For example 3 inch tubing should have a 12
mch radius bend (Figure 7-99)

{7-99) RADIUS OF BEND

Bends inexhau~t pipe are not usually made n
shops: custom lengths and bends are
availlable from manufacturers.

Vehicles working in forested and industnal
areas where fire may be a hazard have a fur-
ther addition to lhewr exhaust system — a
spark arrester A spark arrester 1S a screen
over the exhaust 0L.:et 1o reduce the chances
of hot pieces of carbon or sparks being
discharged,

PREVENTIVE + . ITENANCE ON
EXHAUST SYSTEMS

Exhaust systems$s should be inspected
pericAhically for restnchions and leaks. Restric-
tions such as kinked or cnmped pipes result
i harmful back pressure. while exhaust leaks
cregle unwanted noise and a oanger of
po'sonous gas seeping up into the cab
festnctions are caused by pipes beng struck
Leaks are usually caused by

1 loose clamp assenbhes

«efective connections between manifold
and exhaust pipe. and exhaust pipe and
muffler(s)

corroded pipes

punctured muffler.

Leaks can be detected by running yourhand a

few inches abuve the pipe while the engine is

running. Damaged or corroded exhaust

system components should be replaced

mthout delay for both engine efficiency and
ve safely.

SOME POINTS ON EXHAUST SYSTEM
REMOVAL AND INSTALLATION

Caultion: One of the productt of com-
bustion i carbon monoxide This 15 a
deadly. odorless. poisonous gas. Provide
good ventlaton anytime the engine s
operating

Be careful of hot pipes and muffler(s) if
the engine has been running recently.
When remowving pipes and the muffler.
support the whole assembly to prevent it
from ialling on you when the clamps and
bolts are removed.

Exhaust componeénts must have a 3/4 inch
clearance with the frame or the cab. Comr
ponents without proper clearance ar.
frequently the cause of annoying noises
and rattles. The 3/4 inch clearance 1$ also
necessary to prevent overheating of the
cab paneling. |If pneeded. a metal or
asbestos heat shieid car be nstatlead on
the part of the ppe that passes a critical
area To get proper clearance. leave all
clamp assemblies and mufiler strap tolis
loose temporarily ynul the entire system
has been nspected to determine if there
is adequ ite clearance between exhaust
components and frame members. While
the clamp and bolts are loose also check
to see that the weight of the exnaust
system 1s properly distnbuted on all sup-
porting brackets and hangers. If the load
is not properly balanced reposition pipes
at connecting jomnts.

When the clearance and balance are
correct. tighten all bolts and clamps.
working from front to rear. Note when -
stalling the exhaust pipe to the marsiold,
always use new packing and new nuts or
bolts Be sure to clean the manifold stud
threads with a wire brush before nstathng
the new nuls

After everything 15 tightened start the
engne and check the connections for
leaks A horizontal muffler installation 18
shown i Figure 7-100 and a verticle mui-
fler installation 11 Figure 7-101 Note how
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the clamps and support brackels are
positioned to baiance the weiwght of the
pipes and mulfiier(s) Courtesy of General Mators Corportion

(7-100}
HORIZONTAL MUFFLER INSTALLATION

-— Q‘./NM.L CLAMPS 1217 FT LB

e
Eilner a curved end or a \

rain-cap shoul! be installed ~
on the end of the pnpe/ \:\:_-.h

MUFFLER-5I25—"

RH EXTENSION
SD709

/\

RH PIPE-5M5
MUFFLER IHLET PIPE.RH

CLANP-5A281

ENGIHE PIPE REF) ——y ) '@) {3)1 =1,
i
- ; / N

¥

= IMLET P3i'z EXT
SEN0T

.
P L -ﬁ?ﬁ) Courtesy ol Fard Motor Co
Ty
) UBOLT-5A239  CONHECTOR

CLAMP 6270

MUFFLER IRLET PIPE BHACKET-SAZ4S  WASH-44B1752
b LH 5245 HUT - 34967 52

(7-101} Typical Heavy Tr..k Dual Exhaust System—L:, LT-, LNT-7000 with V.903 Dual Vectical Muffless Shown Others
Similar
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QUESTIONS — EXHAUST SYSTEM

1 Besides carrying away exhaust gases and
heal a muffler must’

{a) increase horsepower

{b} help control engine temperature
{c) mufile engine noise

{d} all of the above

2 Back pressure causes.

ta) ncomplete cylinder scavenging

{b) loss of power {foyr horsepower for
evely two p.5.1. back pressure)

(c) increased fuel comsumption
(d} a b and c are all correct

Usually muffler volume 1s equal to
— times engine displacement.

{a) 6t8
ib) 4106
c} 7109
d 21w 4

Why are gradual bends better than shamp
bends 1n an exhaust system?

5 What 1s the danger of leaks In exhaus!
pIpIng?

6 From a safety point of view, what is the
most 1important precaution to take when
unning an engine 1ndoors?

How can you check exhaust pipe con-
neclions for leaks?

————— e ——
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FUEL SYSTEMS

The basic purpose of & fuel system 1S to sup-
ply enough fuel to meet engine speed and —
load demands Gasoline. diesel and L.P gas

engines all have a different type of fuel CHOKE

VALVE
system, (OPEMN) FUEL INLET

AlR IHLET

GASOLINE FUEL SYSTEMS -
VENTURI | FUEL INTAKE

The gasoline {uel system supphes a com- et VALVE
bustible mixture of fuel and air to power the S L
engine The gasohine fuel system has three  JHROTTLE M Combustion
basic parts {Figure 7-102): VALVE el Chamber

(PARTLY MN:n
fuel tank — stores gasohine for the engine  CLOSED} | [t

fuel pump — moves the fuel from the tank
to the carburetor

Intake Valve

caburelor — atormizes the fuel and mixes
fuel and airr 1n the proper ratio

FUEL <AIR
MIXTURE

(H
o e

CARBURETOR} INTAKE
FUEL PUNP
K_{ FUEL
(— TANK

Piston

(7-103) ENGIME
Counesy ol John Deere Ltg

e

Cournesy of John Deere Lid

ARD FILTER

(7-102)

GASOLINE FUEL SYSTEM

The fuel pump draws the gasoline through a
fuet line from the tank and forces it in to the
fioat chamber of the carburelor where il Is
stopped. Th: carburetor 1s basically an arr
lube connected to a float chamber that
operales by a3 difference in & pressure
{Figure 7-103)

The pressure difference 1n the carburetor 1s
cre ated when air flows through a narrow neck
catled the ventun. In order to maintain its rate
of flow ar lraveling through a tube at a given
rate will speed up as it goes through a
narrowing In the tube (1.e.. at the narrowing
not as much awr ¢an get through. Therelore.
the ar must travel faster By speeding up. the
same amount of air per second can lravel

through the narrow neck. and the rate of flow
IS maintained) When the ar speeds up Iis
molecules spread oul and consequently its
pressure (s reduced For example. ar
traveling at 14 7 ths per square inch can drop
to 8 p.s.a. passing through the ventun This
drop crvates @ pressure difference between
the carbLretor float chamber and the car-
buretor nozzle that opens onto the ventun
The pressure difference al the nozzle lip
draws fuel from the float chamber and delivers
il to the nozzle «n the form of tiny dropfets The
droplets mix with the air . J vaporize giving
the aw-fuel mixture for combustion.
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The fuel-air mixture must pass a throttle valve
belore It goes to the engine The lhrottle con-
trols the amount of mixture gong to the cylin-
ders. and tiwereby controls engine speed

The other basic part ol a carburetor ts the
choke which 15 needed lor starting an engine
In coki weather The choke 15 located In the
Incoming an passage and partiaily or lully
closing it causes a vacuum to lorm un-
derneath 1 The vacuum causes the car-
buretor to produce a mixture which has a
greater percentage ol luel This nicher mixiure
IS necessary because when gasolne 1s cold it
does not vaponze as readily as it does when
iIts hot. so. more luel 1s needed to subply an
adequaie amount ol vapors Tne choke may
be automatically controlled. opening as the
engine warms up. or it may be manuvally con-
trolled hy the operator.

Of course. actual carburetors are more com-
plex; they will be studied m fulure traiming

Recommended reading: Chapter 18 and 19.
Automotive Fuel Systems and Automolive
Carburelors. in Automotive Mechanics,
Seventh Edition.

LIQUIFIED PETROLEUM GAS
FUEL SYSTEMS

Facts About Liquified Petroleum Gas {LP3)
LPG 15

1 A by-product of gasoline refining

Vopor

FUEL

Liqued STRAINER

Fuel

FUEL TANK

v e ——— e e ——

(7-104) LPG FUEL SYSTEM

—— i ———————— " ———— —

CONVERTER

!
\

2 Also obtained from natural gas.

3 Made up of propane. butane or a mixture
ol the lwo.

4 Vaponzes very easily Remains a liquid
only when under pressure

5 Liguified by compressing many gallons of
vapor to make one galion ol hquid,

6 Easy to handle and store as a hquid.
Stored n slrong. heavy tanks with
pressure relief valves,

7 Expansive when heated [due to more
vaporization),

8 Converted to vapor agamm on way ¢ the
engine.

The basic difference in the ¢perations of an
LPG fuel system and a gasoline fuel system is
that LPG s vaponzed before 1t reaches lhe
carburetor whereas gasoline is vapornzed In
the carburetor.

Parts Of A LPG Fuel System

The LPG luel system has four basic parts
(Figure 7-104\

— Pressunzed Fuel Tank

— Fuel Strainer

— Converter

—- Carbiretor

Hol Woter
From Engine

VaporAir
I MKixture

M/

—_——
¢

Ajr
Z Inteke

——

Courtesy ol John Deare btd
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The pressunzed fyel tank stores the hquid fuel
urider pressure. A space for vapor is left at the
top of the tank. To withdraw LPG from the
tank two methods are used hquid withdrawal
and vapor withdrawai.

Most modern systems use the hquud with-
drawal method The fuel 1S drawn from the
tank under pressure as a hquid and then
vaporized. The vapor withdrawal method is
normally used only for starting when the
eng'ne 1s cold and hasn't enough heat to con-
vert liquid fuel to vapor. Vapor is drawn off the
top of the tank to provide vaporized fuei for
starl up. Once the engmme 15 warm. the fuel
system 18 switched lo hquid withdrawal.

The fuei stramer cleans the iquid fuel. 1t nor-
mally has a soienoid which permils flow only
when the engine ignition is lurned on.

The converter changes the hquid fuel to vapor
by warming it and lowenng ils pressure.

The carburetor mixes the fuel vapor with air i
the proper ratio for the engine.

Comparing LPG and Gasoline

1. Both propane and bulane produce shghtly
less heat per gallon than gasoline
However. LPG has a higher octane rating
which means that the compression ratio of
LPG engnes can be raised (o offset the
heat losses.

LPG burns slower than gasoline because
It igrutes at a higher temperature. For this
reason. the spark 15 often acdvanced far-
ther on LPG engines.

More voltage at the srark plugs may be
needed for LPG engtnes than for gasoline.

LPG engines do not require as much heat
at the intake manifold as gasoline models
because LPG will vaporize at lower tem-
peratures The resull: less heat is wasted
and more heat goes nto engine power,

Advantages and Disadvantages of LPG

The advantages of LPG are:

— Burns much cleaner than gasoline or
diesel fuel; its exhaust contains less
carbon monoxide and other harmful
emissions. For this reason it is used in
machines such as fork lifts Ihat operate
in warghouses or other closed en-
vironments.

— Cheaper fuel especially where close to
source.

— Less oil consumption due to less
engine wear.

— Reduced maintenance costs, longer
engine life between overhauls.

— Smoother power from slower. more
even burning of LPG fuel.

The disadvantages of LPG are:

— Equipment costs are high. Bulk storage
and carburetion equipment are costly.

— Fewer accessible fueling points. Not
many LPG filling stations.

— Harder to start engines on LPG in cold
weather (0°F or below) because oil on
the cylinder walls remains undiluted
and makes the engine harder to turn,
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INJECTION NOZZLES

'

COMBUSTION
CHAMBER ]

| HIGH PRESSURE
® LOW PRESSURE
O TANK PRESSURE

FUEL FILTERS

(7-105)

FUEL TANK

5 ¢

FUEL
TRANSFER
PUMP

Courtesy ol John Deere Lid

DIESEL FUEL SYSTEM
(DISTRIBUTOR TYPE SHOWN)

DIESEL FUEL SYSTEMS

The prime job of a diesel fuel system 1s to in-
ject a precise amount of atomized and
pressunzed fuel into each engine cylinder at
the proper lime

Combustion in the diesel engine occurs when
this charge of fuel 1s nuxed with the hot com-
pressed air that ignites the fu=l,

The major parts of |he diesel fuel system are
{Figure 7-105)

— Fuel tank — stores fuel

— Fuel Transfer Pump — pushes fuel
through fillers 1o the injection pump.

— Fuet filters — cleans the fuel,

- Injechion Pump — times. measures and
delivers fuel under pressure to the
cyiinders

-— a governor — controls engine speed.

— Injection WNozzles atomizes and
sprays fuel into the cylinders.

Fuel either flows by gravity pressure from the
fuel lank to the transfer pump or 1t 1S drawn
from the tank by the transfer pump From the
transfer pump fuel 1s pushed through filters
and clea..ed (It 1s very importanl that diesel
fuel be absolutely ciean so that the closely fit-
ted parts in the rnjection systéin are not
damaged The fuel then travels lo the in-
Jection pump where 1t 15 metered and highly
pressurized and then delivered o each of the
injection nozzles The njection nozzles
alomize the el and spray il into the com-
bustion chambers

Function Of Fuel Infection
The Dhesel Fuel Injection must.

1 Supply Fuel — The fuel injection system
must supply the exact amount of luel to

each cylinder on each cycle.

Timed Fuel Celivery — Fuel delivered too
early or too late dunng the power stroke
causes a loss of power Fuel must be in-
jecled nto the cyhinder at the instant
maximum power can be reahzed.

75
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Conlrol Delvery Rale -~ Smoolh
operalion from each cylinder depends on
the lenglh of time it 1akes lo imecl Lhe
luel Fuel musl be injecled at a rate lhal
conlrols combuslion and cyhnder
pressure. The higher the engine speed the
waSler Lhe fuet . usl be injecied.

Atomize Fuel — The fuel musl be
thoroughly mixed with the air lor complete
combuslion. For this reason Llhe fuel must
be broken up inlo fine pa-icles.

Dislnibute Fuel — The fuel musl be spread
evenly in the cylinder 1o unile with all the
avadable oxygen This makes the engine
sun smoolhly and develop maximum
power

There are a number of differenl fuel 1njection
systems. bul they all must perform these five
basic ‘unchons Diesel fuel supply sysiems
will be deall wilh 11 grealer delail al a laler
date

BASIC COMPONENTS OF GASOLINE,
DIESEL AND LPG FUEL SYSTEMS

Following 1s a ctoser look at some of the fuel
supply componenls of the lhree fuel syslems
that you are most hkely 1o be 1n contact wilh
at this level of training.

Fuel Tanks

Fuel tanks lor gasoline. LPG and Dizsel all
have the same purpose — to provide a safe
method for slonng fuel. The localon, size and
lank malenal for lhe Llhree syslems. however.
wHl vary

Gasoline and Diesel lanks generally have Lhe
lollowing featlures

1 A drawn plug or drain cock on 'he botlom
ol the tank which aliows waler or
sedimenl to be periodically draned.

A shul-off vaive on the oullel line
A filler cap that is twist 1ock or lhreaded

A venl mecharism [l may be built inlo Lhe
filler cap ot be localed separalely The
venl allows arr 10 enler the lank lo replace
the space of lhe fuel that 18 drawn oul.
thus prevenluing restriction of Lthe fuel llow
or a vacuum 1n lhe iank

An outlel moe s raised shghlly from the
bollom of the lank 10 prevenl dirl or water
gelting nto the fuel l:ne. As an added

precaulion against dirl. the fuel pick up
hne will have a coarse filler such as a
screen al the fuel entry poinl

Diesel fuel systems generally have a
return line as well. Thes line relurns al lhe
opposile end to the oullel so that any en-
trapped air can escape.

Baifies 10 slrenglhen the lank and prevenl
sloshing of \he fuel.

A gauge or some means of checking the
fuel level,

Dual lanks have conneclng lines and
possibly a three-way valve 10 swilch from
one tank to the olher.

Gasoline fuet tlanks in small vehicles are
usually made of nghl gauge melal pressed
nlo shape anc trealed Lo prevent rusting. Fuel
tanks for larger vehicles, whelher for gasoline
or diesel. are made of much heawvier gauge
metal. and are rolled and welded with stam-
ped ends. These lanks are also lrealed in-
ternally lo prevenl rusling

Fuel lanks come in many different sizes and
shapes. The lank musl be capable of stonng
encugh fuel lo operale Lhe engine for a
reasonable lenglh of time. The shape of lhe
tank 15 made lo conform o lhe sSpace
avarable on \he machine. A lank can be lall.
shorl, round. square, whalever shape thal will
fit inlo the allolted space,
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LPG Tanks

An L.P gas fuel tank must be strong and
heavy to withstand the pressure of its fuel
The fuel tank 18 naver fillad completely full of
hiquid fuel (usually to 80%) because room
must be left for vapors and expansion. The
tanks require special equipment to Nill them
Two types of tanks are shown n Figure 7-106,
a vapor withdrawal tank and a hgquid with-
drawal tank

LOW_PRESSUR ENGINE
REGUL%TORE INTAKE MANIFOLD

C

ADJUSTING

30% FILL VALVE \ & ﬁ/ VALVE

“\ i
HIGH -PRE $5URE
REGULATOR CARBURETOR

PRESSURE
PRESSURE RELIEF VALVE GAUGE

VAPOR LINE

HOT WATER FROM ENGIME
g

-
RETURM WATER

LP~GAS SYSTEM USING VAPOR WIThDRAWAL

PRESSURE Y4POR YAPOR

RELIEF LINE  RETURN  LWGUID LINE  STRAINER ENGINE
VaLve 80%  vaLVE  vaALVE VALVE VALYE INTAKE

FILL LOW_PRESSURE ~ MANIFOLO
FILLING \ VALVE / /
'.‘AL'.‘E\ l / REGULATOR l

vAPORIZER

HOT WATER
FROM ENGINE

HIGH -PRESSURE
FUEL TANK REGULATOR CARBURETOR

LP -GAS SYSTE" " ‘SING LIQUID WITHDRAWAL

Cournesy of John Decre Lig

{7-106)
LPG FUEL SYSTEM
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Fusl Filters

Contamination of fuel can be a major cause of
wear to internal engine parts that eventually
leads to engine failure Fuel hlter must clean
the fuel before 1t gets nto the carburetor in
gasohine and L P gas engines. or into the n-
jechon pump in a diesel engine

Types Of Filters

Filtration removes suspended matter from the
fluid Some fitlters will also remove soluble im-
purities

Filtration can be done i three ways

— straining
~- absorplion
— magnetic separation

Straining 15 a mechamical way of filtenng
{Figure 7-107). A screen blocks and traps par-
ticles larger than the openings. The screen
may be wire mesh for coarse hitenng or paper
or cloth for finer ftering.

hF

ABSORPTION

STRAINING
{(7-107)
Counesy of john Deere Lid

Absorption 1s a way of trapping sohd particles
and some moisture by forcing these con-
taminants to stick to the filter media — cotton
waste, cellulose. woven yarn. or felt (Figure 7-
107).

Magnetic Separation is a method of removing
water 'rom fuel. A paper hiter 1s treated with
chemicals that cause any waler In the fuel to
separate and dnp nto a water trap (The hiter
also removas sohd particles by one of the
other methods of hitration )

Filters are rated according to the degree to
which they filter out particles Filtration
degree 1s usually measured 1n microns. One
micron is approximately .00004 ynch or on:e 40
mullionth of an inch. To get an idea of how
small a micron 1s 1t would take 25.000 microns
lard side to side to make up an inch. The
smallest particles that can be seen with the
unarded eye are about 40 microns. Since
some of the finer fuel filters (diesel) are rated
at two microns., many of the particles they
hiiter out are invisible.

Fuel filters 1n gasoling engines are usvally in-
corporated into the fuel pump. as below:

FUEL BOWL

HAND PRIMER - ¥ ROCKER
LEVER by ARK

¥y ine v
e {7-108) Cournesy of John Deere Lid

The filter acts as a water trap and provides a
place where sediment can settle out of the
fuel. Sedment build up can be examined
through the glass bowl and should be cleaned
when necessary. In addition to this filter many
gasoline fuel syslems use an in-line-filter be-
tween the pump and the carburetor (Figure 7-

109).
WITHOUT VAPOR RLTURN LINE

Carburetor

Fuel Tank

(7-109) Countesy of Fram Corporanan




7:68 ENGINES

An an-hne fuel Liller usually has a pleated
paper filtering element {porous bronze or
ceramic is &lso used) enclosed in a sealed
plastic container In-ine filte, cartridges are
throw-away items replaced after so many
hours ol service (Figure 7-110).

(7-110} TYPICAL IN-LINE FILTER CARTRIOGE
Courtesy of Fram Corporalion

SPRING

SOLENGID
coll

VALVE
PLUNGER

FILTER
ELEMENT

@ FUEL
[]]

(7-111) DRAIN
PLUG

counesy of John Deere Lid

Anotner location for a filter 1s at the infet of the
ca“buretor The filter 1s threaded into the nlet
and has & tube connector &t the other end.
Thus filter generally uyses a screen as a
filtering element.

L.P. gas systems use & fuel strained (Fig.re 7-
111) tocated between the luel tank and the
converter.

The fuel strainer has two functions:
1. Strains fuel to clean it.

2. 8Shuts off fuel when system is not
operating.

The strainer has stages including a screen. a
falt filter, a chamois filter (to remove water),
and another screen. A sediment bowl with &
drain plug collects the foreign matter.

The shut-off is an electrical solenoid coil
generally referred fo as a filter lock. When the
engine ignition is turned on. the solenoid
magnetizes the vawe plunger ard opens it,
allowing fuel to flow. When the ignition is
turned off or fails, the vaive closes
awtomatically. Pressure of the fuel holds it
tightly on its seat.

Diesel Fuel Filter

Although important to gasoline engines. fuel
filtration is even more important to diesel
operation because:

1. Diesel |lyels tend to be impure.

2. Injection parts are precision made and
dirty fuel will damage 1them.

Because flliration is so important to a diesel
fuel system. the fuel will be filtered not once
but several times. A lypical system like the
one in Figure 7-112 has three progressive
stages cof filters. & primary filter, a secondary
fiter and & final stage filter.
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INJ ECTION NOZZL ES

R« Compressed __ _ _ [} ___
S50 Mot That g
Fuel Ignites '
. h@
‘ FUEL TANK

INJECT'ON
PUMP

= <::«<:EOJ<::~<;::¢-U

(7-112) FUEL

DIESEL FUEL SYSTEM TRANSFER
FUEL FIL1ERS PUMP

Courtesy of John Deere Lid

Primary filters are generally a combination of
a coarse filter that removes large particles
and a water trap: secondary filters are finer
filters that remove most small partictes: final
stage filters are very fine {rated as low as two
microns) and remove tiny. mvisiblz particles.
Fuel will Pass through all three filters before
reaching the injection pump. Note in the
dragram the drain screws at the bottom of FUEL
each stage filter. INLET

Transfer Pumps

Ve
Gasoline and diesel fuel systems generally Qb 3 ]

require a fue! supply or trunsfer pumo tc move
the fuel from the tank to the engine. The most ®
common type of pump 15 the mechanizal

diaphragm pump vshich 1s found on gasoling plaPHRAGM

and diesel engines. There are also. electnc.
gear and piston transfer pumps. Figure 7-113
ilustrates the operation of a typcal
mechanical fuel pump

SPRING

(7-113)

Courtesy of John Deere LiJ

e e et g gt e
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The pump operates as tollows’

Pows=r 15 apphed to the pump rocker arm at {1}
by an eccentric (3n offset disc} on the engine
camshaft As the camshait rotates. the ec-
cenlnc causes the rocker arm to rock back
and forth The ner end of the rocker arm 1s
nked to a flexible diaphragm |ocated be-
tween the upper and lower PUMP housing. As
the rocker arm rocks. it pulls the chaphragm
down. and then releases it A sprning located
under the diaphragm forces it back up. Thus
the diaphragm moves up ana down as the
rocker arm rocks.

When the diaphragm is pulled down. a
vacyum Of low pressure area Is created above
the draphragm. This causes atmospheric
pressure 1n the fuel tank to force fuel into the
pump at (2} The inlet valve {3) opens to admit
fuel into the center chamber {(4),

When the diaphragm 1s released. the spring
forces it back up. causir g pressure i the area
above the dianshragm. This pressure closes
the nlet valve and opens the cutlei valve (5).
forcing fuc! from the pump through the outlet
{6) to the carburetos.

If the needl2 valve in Lhe float bowl of the car-
buretor closes the inlet s0 that no fuel can en-
ter the carburetor. Lhe fue! pump can no
longer dehver fuel. In this case. the rocker
arm continves to rock but the diaphragm
remamns at its lower hnit ol travel so the
spring cannot for = th. . aphragm yp. Normal
operation of the o ,&sumes assoon e ‘he
needie valve in the float bowl ¢perns the et
valve. allowing the 3spring lo force the
diaphragm up

HIGH PRESSURE FUEL LINES
AND FITTINGS

Some diesel fuel systems have a bank of pum-
pIng units 1n one housing and require high
pressure hnes to deliver the metered and
pressurized fuel to the injectors. Special thick
walled tubing and filtings are required to
withstand the extremely high pressures. Care
must be used nol to bend or kink these lines
and not to cross thread the Httinys when
removing and Installing them.

Prevoniive Maintenance Sarvicea QOn Fual
Lings and Fittings

1 Periodically nspect the fuel laes for
loose connechicns, leaks. or hiTgs,

2. Keepthe line connectors tight. bul not too
tight Tighten the connectors wntil snug.
but don't slrip the threads. To avoid ben-
ding the lines, yse only one hand with two
wrenches for final tightening, as shown in
Figure 7-114,

(74114)

TIGHTENING LINE CONNECTIONS TO AVOLD
BENDING THE LINES
(FINAL TIGHTENING SHOWN]

Countesy of John Deere 14

When replacing a fuel hne. be sure fo use
an tdentical line in size. shape and length,
The inside diameter is very critical with in-
jection tines.

FUELS
COMPRESSION AND FUELS

When discussing fuels. the term compression
ratio often comes up. Combession raliv. as
stated earlier. 1s the relaten belween tne total
yelume mside the engine Cylinder when the
peton is at its greatest distance from the
cylinder ne2ad. compared to the volume when
the piston has traveled ¢lasest to the cylinder
head.

The type of fuel an enging uses is dirocily
relaled ') the engine's compression ralio.
Each fuel has its brimits on how much it ¢an be
compressed and still buri properly
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Kerosene or distillate, when used i a
spark »grulion engne. operates best at
about a 4 to 1 compression ralio

Gasoline operates at a 7 or 8 to 1 com-
pression ratio.

LP g1s has an 85 or 9 to 1 comnpression
ratio

Diesel fuel operates usually at zbout a 16
te 1 compression ratio. although some
diezel engines can have a rat'o as high as
20 to 1.

Gasoline fuel has certain characteristics that
make a gasoline engme run efficiently. The
same can be said of diesel fuel and L.P. gas.
As well, there are differznt grades or qualities
of inese fuels, Below 1s a discussion of some
of the basic characteristics and qualithes of
gasoline. ciesel and LP. gas fuels,

GASOLINE

Octane Rating

To understand octane rating. you have to
know what engine knock !'s. The following
diagram llusirates how knock occurs In a
gasolng engine,

_\

Y

Fuel knock 1S @ serious problem because it s
hard on vaives. pistons and bearings and
causes a loss of power Teslts have found that
even a very light knock. one that probabily
wouldn't sound harmful. increases the wear
on the top piston ring about four times.

The octane rating of a gasoline is a measure
of the gasoline's antirnock properties. The
higher the octane rating, the less tendency
the fuel has to knock.

The names premium and regular are rough
comparative measures of octane ratings

1. regular — 88 to 94 octane
2. premium — approximately 100 octane

Premuwum. mgh octane gasoline is made for
use in gasoline engines that have a higher
than rormal compression ratio. Most gasoline
engines today, however. are buijlt to run on
regular gas.

What is the result ol using premium gasoline
on an engine designed o use regular?
Premium grade gasoline can be use hut
there is usually no advantage sinc 1 ost
engines haven't a high ¢nough compression
ratio to utilize the benefils of the higher oc-
tane rating. Premium in 1his case is a waste of
moneyv. The best policy is to Use an octane
raled gasoline that matches the octang
requirements of the engire,

i"} |

1 Spark Begmns Fuel-fur
Mixiure Surning

Coaurtesy of 1ann Oanse Lid

2 Fieme Advancves
Smoothly. Com-
pressing and Heaung
€rd-Charge

3 End-Charge Suddenly
Self ignites With
Violence. Producing A
Knock. Knockwng And
Compression Raho
Are Directly Relaied
The Higner The Com-
ressien The Greater
Liatibood The
Gasohin2 Wil Knock
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Volatility

The gasoline property mr"* important In
engine starting 5 volalihi, Jerdency to
evaporate} tf volahbity 1s too tow, insufficient
vapor may be drawn into the cylinder to allow
easy starting 'n cotd weather Warm-up witl
also be stow On the other hand. a gasoline
with too lugh a volatihty 15 apt to cause car-
buretor 1Cing or vapor lock under certain at-
mosphenc ¢onditions

Qil companiés change the volzatility of
gasohne with the seasons. In summer they
produce a gawoline with low volatility since
the warm {emperaturés aid 1in vaporizing the
gasokne In winter. on the other hand, they
produce a high volalility gasoline so that it
will vaponze more readily in the colder tem-
peratures For this reason if a summer supply
of gasol'ae is held over to winter, difficulies
in engine starting will probably resy..

Gasoline Additives

Additves are pul into gasoling to improve iis
perfomance and storage life Some of the
main ones are

1 Antiknock componenis (o increase the
octane raling

Aicohol anti-fieezes to prevent any water
in the gasohne from freezing and to
prevent 1ceplug formation

Anti-icers to prevent the carburetor throt-
tle plate from i1cing

Deteryents 10 clean the carburetor and
keep H free of rusk

Anti-oxrdems to in-prove storage stability
and retard gum bB>rmatien

Phesntiorus compounds to minimize spark
plug fouling and surface 1gration

Metal deactivalors to protect the gasobine
against harmtul metals that may get into
the gasanhne

DIESEL FUEL

Diesel {uel 1s made by distiihing crude oil Just
as the gclane raung 15 probably {he most im-
portar,. characterishic of a gasoline. the
cetane number '> the mo.. important qualty
ol a diesel fuei Celane number 1S 2 measure
ol the way the fuel .gniles in the combustion
thamber In a diesel engine there 1S a shght
dalay between the tume the fuel 1s injected

and the time it begins o burn This delay I1s
called the igmition delay period The delay
penod 15 important because 1f 1t 15 too long
the fuel. when it does start to burn. will burn
explosively causing enging knock Cetane
number measures |he 1gmition delay period.
the higher the cetane number the shorter the
penod

The speed of an engine prescribes the cetane
number that the engine requires. Diesel
engines whose rated speeds are below 500
RFM are classed as slow speeo engines. from
500 to 1200 RPM as mecdwm speed. and over
1200 RFM as high speed. Cetane numbers of
fuets readily available range from 40 1o 60
with vailues of 45 to 50 most common. These
celane vajues are satisfaciory for medum and
high speed engines. but low speed engincs
may use fuels in the 25 to 40 cetane number
range

It 15 ntereshng io note that the odctane rating
of gasoline and the cetane rit:ng of diesel
fuel mea~ure opposite fuel quahties {Figure 7-
116). A high octane rating means that the
gasoline has a lcw tendency to combust spon-
taneously By cunirast. a hugh ce*ane number
means that the diesel juel will combust
gwickly and spontaneously

GASOLINE DIESEL FUEL
IMUST BURN EVENLY) (WMUST BURN FAST)

OCTANE NUMBER CETANE NUMBER

r

“ MEASURE OF FAST.
MEASURE OF ABILITY SPONTANEQUS
TO RESIST DETONATION COMBUSTION

OPPOSITES J

(7-115) OCTANE AND CEfANE NUMBERS
ARE OPPOSITES
Courtesy 0! John Deere Lid

An important Jifference exists when using oc-
tane and cetane numbers to judge the qualty
ol the tuel. Theoretically the higher the octane
rating the better the fuel. assuming of course
that the engine can take advantage of the
high octane fuel by ncreasing the com-
pressing rato or by super-charging the
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air/fuel mixture The same 15 "ot true ol the
celane number Too high a celane number
may lead to incomplete combustion and
exhaust smoke tf the ignition delay penod 1s
too short to allow proper mixing of the fuel
and air within the combustion space

There are two classes ol diesel fuels. No. 1-D
and No 2-D These classes set standards lor
luel charactenstics such as cetane number,
volatility. viscosity. pour and cloud poinl car-
bon residue. sulfur content and others The
numbers 1 and 2 do nol mean that No. 1 is a
higher grade than No 2. bolh are of good
qualily but each has charactenstics that are
suilable for different engines and operating
condilions Some manufacturers will recom-
mend using eilher 1-0 or 2-0 depending on
working conditions For example. the 1able on
diesel luel usage n Figure 7-117 is 1aken (rom
a John Deere Lid tractor operalor's manual

Ambient Diwesel Fuel
Type of Engine Aur Grade
Service Temperature No

Light 1oad low speed Above g0 F 2-D
considerable 1ding Below 80 F 1-

Intememate and heavy Above 40 F 2-
|

load  high speed. Below 40 F
minimum of «Wdling

At alitudes above All
5000 feet

f,ourtasy of dohn Deare Lid (7-117)  —

A — Red Tank Exposed To Sun's Heat

B — Whito Or Aluminum Tanh Exposed To Sun's Hoat

LPG

As stated earlier LPG can be all propane. all
butane. or @ mixiure of the 1wo Today.
however ' PG 15 usually all or mostly propane
LPG. ' gasoline. has an oclane raling:
propane + and butane 95. The hgh oc¢-
tane ratings .. .®G make it suilable for high
compression engnes LPG does not come IA
different grades or quahties

STORING FUELS

There are two main areas of concerm when
stonng luel:

— prolection of juel qually
— safety

STORING GASOLINE

Three condilons must be controtled 1o mamn-
1ain satistactory supplies ol gasoline:

— Conlrol loss Lhrough evaporation.
— Avoid gum deposils in gasoline.

— Protecl gasoline from waler and dwt

Controlling Evaporation Loss

Figure 7-118 illustrates the elfects of colorng.
shading. and a pressure vacuum rehief valve
on gasoline evaporation.

Courlesy of Juhn Deere Lud

C — While Tank Prolecied By A Shade
D — While Shaded Tank Equippod With A Praossure-vacuum
Relief Valve

17-118) SUMMER EVAPORATION LOSSES FROM 300-GALLON GASOLINE STORAGE TANKS
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Although this test 15 conducted under summey
temperatures. Similar res'Its would occur in
winter because winter fuel. as was described
earhier. s more volatile and evaporates
quicker

tf an underground tank s used the tem-
perature of the stored fuel remains low
enough all through the year $0 that
evaporation losses are small

Avoiding Gum Deposits

Gasoline will oxidize and form gum deposits «f
kept for long penods. Ol compames add an
inhibitor  that will protect the fuel fo- @ix
months to a year under normal storage con-
ditions. but the interval s greatly reduced if
the gasoline 1s expused to sunlight and to
high storage temperatires To hmit gum for-
mation avoid storing more gasohne that you
can use conveniently in a period of apout 30
days Gum deposit 1s less of a problem with
underground tanks since the fuel remains
cooler

Protecting Gaealine From Water and Dirt
Conlamination

Practice strict habis of cleanhness when

?

|
|
|
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adding fuel to a tank or taking 1t out No mat-
ter how careful you are. though. water and dirt
will stll enter the tank Condensation forms
on the inswde of the lank and the moisture
drops lo the bottom of the tank because waler
1$ heavier than gasoline. The more the tem-
perature of the tank varies. the grealer the
amount ol condensation. Thus the same
precauvtions that are taken to keep
evaporation down will also imit condensation.
Water must be occasionally drained or pum-
ped out of the tank

Like condensation dirt in the fuel will settle to
the botton of the tank. This sediment must oc-
casionaity be drained or pumped out of the
lank See the next section on storing diesel
fuels for llustrations of pumping and drainmg
tanks

Safety

Fire preventon regulalions regardimg tank
placement are shown n Figure 7-119. The
distance thal the tank must be away irom a
building 15 intended to protect the buillding in
case of fire

ABOVE GROUND
TANK

*

4
MM

.

(7-119)

TANKS IN RELATION TO BUILDINGS

Courlesy of Jobn Dewre Lad

S

85

SAFE LOCATION OF GASOLINE STORAGE
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STORING DIESEL FUELS

Evaporation during storage. whether above or
below ground. 1s not ragid enough with diesel
fuel to be a concern More important wilh
diese| fuel 15 to

1 keep it free of dirt and water

~

2 prevent gum deposit

Xeep Fuel Free Of Dirt and Water

It 1s important that all fuels be kept free of dirt
and water. byt 11 15 especially important with
diese, fuel The reason’ the luel Injection
system on a diesel engine 1s fitted with parts
that are held within milhonths of an inch
clearance Very fine dirl particles soon ruin
the paris and cause an expensive repar job.
Waler, even extremely small amounts. causes
corrosion which ruins the high-polished syr-
faces of the wfector nozzles. Aill operator's
manuals for diesels emphasize the 1m-
poriance ol clean fuel

Waler 1s ahout the same weight as diesel fuel
so it setties gyt very slowly For this reason
allow 24 hours for water and dirt to seitle to
the bottom of the siorage tank alter it has
been refilled Use two storage tanks: wlen
one 1s refilled. the other can be used to suyply
fuel Il you have only one slorage iank. be
sure to fill your machine’s fuel tank before the
supplier refilts the storage tank Another good
policy s to fill engine lanks at the end of each
day to reduce overnigh! condensation In
them

If drums are used for storing fuel. be sure that
they are mounted ngudly i place Any han-
diing will remix the dirt particles and water
from the bottom of thz tank with the fuel
When portablé drums aré used lor refueling In
the field. be sure they are in place al |east 24

Courtesy of Jona Deers Lid

(7-121)

hours before fuel 1s drawn from them. Also
don't let water collect on tep of drums (Figure
7-120} because

1 waler resting on the top tends to rust the
drum.

as fuel 1s drawn from the tank. water may
be drawr through the air vent directly into
the fuel supply.

NOZZLE —__,

AVOID
WATER HERE
MAY ENTER
TANK

(7-120)

Courtesy of
John Deere Lid

thrt particles may come from several different
sources. Some particles may be present In the
fuel when delivered. but dirt 1s far more hikely
to come from carelessness Or improper
storage Some rules for preventing dirt in the
fuel supply are:

1 Dont use an open contaner to transfer
fuel lrom the storage tank to the machine
tank. ' will greatly increase the chance of
dirt entering the fuel tank. To transfer fuel,
equip aboveground tanks with a pump and
hose (Figure 7-120) or a gravily hose
(Figure 7-121). Be sure to cap the end O
the hose nozzle while the hose isn’l
use

FILLER VENT PIPE

cap

AIR FILTER

AND
DIRT
PARTICLES
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Don't store diesel fuel In a galvanized
tank A galvanized tank 1s salsfactory for
gasoline. but when diesel fuel 1s stored In
it. the fuel reacts with the galvarized
fimish causing powdery particles to form,
These particles soon clog the fuel filters
on a diesel engine. Use sieel tanks to
avoid this problem

Don't use a tank formerly used for
gasohne to store diesel fuel. Fine rust and
dirt particles that settled out of gasoline
and accumulated on the bolttom of the
tank. mix readily with diesel fuel and may
remain suspended in it untit drawn from
the tank

Don't let the suction pipe to the fuel pump
exlend to the botlom of the slorage tank.
This permils the pump o pick up waler
and sediment that has seltled oul of the
fuel The end of the ppe should be three
or four inches from the bottom If possible.
siope the tank away from the pipe or
outlet valve

Always dran the siorage tank before
refilling and clean the tank twice a year
otherwise the dirt and water residue may
rise high enough to be drawn out with the
fuel (Frgure 7-122)

{7-123)

USING HAND PUMP TO CLEAN 2

DIRT AND WATER FROM

Preventing Gum Deposits

Diesel fuel. like gasoline. contains & gum
inhibitor which retards the formation of gum
and varnish for about three months Keeping
above-ground tanks shaded will help to hmt
gurn deposils,

Diesel fuel may be stored longer than
gasoline: while gasoline should not be stored
longer than 30 days. diesel fuel may be kept
for about three months.

Sately

Although diesel iuel 15 safer than gasoline.
the safety precautions that apply to gasoline
should also apply to diesel fuel

)
O,

PITCHER
PUP o~ .

=510 PUNP

. :;;-. 2 5
. j L -'-'-}-'-_-h-.-_-

FUEL

UNDERGROUND STORAGE TANK» ;) %‘%é" _a?. T

Canrtegy of Jonn Deeee Litd

1 ORAIH SEDIMEHT, WwATER AND
FUEL FROM TANK

WATEF! SEDIMENT
Counesy ol John Deare Lid

2 FLUSH T4NK WITH CLEAN
DIESEL PUEL
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STORING LPG

Since LPG 15 s'ored in pressurized tanks,
there are no problems 1n maintaining the
quahty of the fuel. nor problems with the fuel
evaporaung. Also the fuel will not change
chemically, dunng storage. Therefore. LPG
can be slored for as long as necessary.

Safety With LPG

1  Remember that LPG 15 always under
pressure and the fuel supply components
must be leak proof

MNever smoke or use any flame near the
fuel

Fill holes and low spots i the vicinity of
the storage Gas fumes that leak from the
lank or escapes whie filling the machine
are heawnier than air. The fumes will ac-
cumulate in low spots and become a fire
hazard

Large storage tanks for LPG like those
gaschne ano diesel fuzl have to be Jocated at
a safe distance from buildings and from other
fuel tanks. in Figure 7-124 nolte the posts
protecting the pump and hose ¢onnections.

ST

LLE\ LP~GAS 2
11y

MINIMUR HINIAUM IGBID

DISTAMCE FROA w) BISTANCE FUEL
BUILDINGS FROX OTHER
@ __‘;FUEL STORAGE

e | =——— |

= N \\u vy
N ¥/

POSTS

{Proteet Tank end Pump
From Aeesdental Bumping)

(7-124)  SAFE LOCATION OF LP-GAS STORAGE TANKS IN RELATION TO

BUILDINGS AND OTHER FUEL STORAGE .
Courtesy of Joan Deere L1d
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PREVENTIVE MAINTENANCE SERVICE OF
FUEL SYSTEMS

DAILY WALK AROUND CHECKS

Tre following checks on the fuel syslem
would be made as part of the daily walk
around check and at any ume tha! scheduled
maintenance 15 done on the fuel system

1 Look for leaks in fuet hnes. in the tank, at
connechons and generally throughout lhe
system Also check for damaged or kinked
fuel hines,

Check for water or dir{ accumulation in
the primary hiter glass bow! (if equipped)
and clean the bowl if contaminants are
found On primary fitters lhat don’t have a
glass bowl. open the drain momentartly to
check for water or dirt

Momentanty open the fuel tank drain 1o
check for contamination

Remove the fyel tank filter cap ~lean the
cap and the area around 1t

CHANGING FUEL FILTERS

Fuel hiters are cnaryed at intervals specified
by the manufacturer The \yo mam types of
tilter elements are

1 cartndge filers |nstalled 1n a case or
housing

2 spin Ln, ‘yrow away filters

Witer traps with washable elements are also
used on somc ' £ _,slems

Telow are good prachiceés when cha . ying
filters These praztices apply to "iters for both
diesel and gasoline fuel syste -

1 Always be aware of potential fire hazards
when working on fuei systems especiany
~ith gasoline and lake the necess~ry
precautions

It tne eyStem nas a snul-0t! On the tuel
tank(s) or fuer hne close 1t before
removing the hiter

Since clear linas are of utmost tm-
portance when working fuel sysiems
{particularly on Jiesels) woroughly clean
the entire area around 2 hiter before
TemoviIing i Also clean the 1aside of lhe
nousing orn cartindgée fi*ers. and make
sure that th= gasket sealing surface on
sin on filters 15 absolutely clean

Always install new gaskets.

On diesel fuel systems. fill new hiter car-
tndges or hiter housings with fuel betore
installing Them: lhis will lessen the
chance of air ¢etting into the system and
making the engine ditficult to start. Diesel
fuel systems must be completely free of
air to function properly

Bieed the fuel system of air. Bleeding 1s
descnbed later in this section

After installing The filter. start the engine
making- absolulely sure that there are no
leaks




ENGINES

Figures 7-124, 7-125. 7-126 give examples of
tymical fuel filter changing procedures taken
from serviIse manuais.

Water Trap With Washable Parts

(Figure 7-124)

FUEL SYSTEM FILTERS — Service When Fusl Pressure Gauge Registers OUT
with Engine Runaing.

Primary Fuel Filter

(7-124)

Couresy of
Catergnllar Tractor Co

Close fuel supPly valve 2 Remove bowl and element

3 Wash etement ant bowl in Glean
Kerosene

4 Install elemen” and bowl
5 Open luel valve and starl engine

If tuet pressure gauce sull regisiers
QUT change hinal tuel liller
Throw Away Fiter (Figure 7-125)

Finat Fuel Filler

(7-125)

Courtasy of
Caigrpmitite irdetor GO

Clase fuel supply valve and Clean hiler base gaskel surface 4 Open luel valve and
remove liligr Lubn<ale new filte:r gaskel wilh prime fuel syslem
clean diesel {uel

5 Siarlenging znd check
nstall new fiver Tighlen Diller for teaks
unbl gasket surface <Contalis
base then tighlen addional 1.2

| 39




7:80 ENGINES

Cartridge Filter {Figure 7-126)

' Remove drain plug from bottom of filter
case and drain contenls

Loosen bolt at top of fuel filter Take cut
dirty element. clean hiter case and install
a new element.

T .

(7-126) INSTALLING REPLACSABLE FUEL

FILTER ELEMENT
Courtesy of Cummins Engpine Co

Fill fiter case with clean fuel to aid m
faster pick-up of fuel. install a new gaskel
in hller head and assembie case and
elemenl T:'ghlen center bolt to specified
Inrque

Bleediny A Diesel Svstem

Whenever hinss are uisconnecled. a fuel pump
1s changed or new filier(s) are nstalled, the
fuel system «ll yenerclly have to be bled or
purged of ar Bleeding is sometimes reterred
te as priming

Some fuel systems are easier 10 bleed (han
olhers CGranking e engme will purge the air
on one svsiem. whereas anolher system will
require loosening the injector lines or filter
bleeders and then oSranking the gong-c. A
thurd type of sysiem 1s eawmpped with a hand
pump that musl be aclivated o prime the fLel
syste.r  Dperating mstruchions for such a
Purcp are given sn Figure 7-127

7) Priming Fuel System

- =

1 Move govemnoOr cOntrol to off
posiion Open vent valve.

2 Unlock »nming pump plunger
and operate pumpP until .

3 Flow of fuel from dran line 1s
free of aw hubbles Lock pump
Pwnger and close vent valve
Counesy of Carerpillar Tractor Co
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Once the pump has tled the system. start the
engine The engme may run rough for a little
while untl all the air 1S gone

SERVICING THE FUEL STRAINER IN
A LPG FUEL SYSTEM

If the fuel straner frosts un. s futer element
1s probably clogged and needs cleaning
Before atlempting 10 clean lhe strainer. make
suyre both withdrawal valves zre closed. the
engmne 18 cold. and the hines and stramer are
emptied of gas To clean lhe straner. first
remove the dran plug and c'san oyt foreign
matter Facllow service manuval mnmstruc.'ons on
biowing out the straner and cleaning the
strainer paris

A failed solenond I the strainer 15 1noicaied
when the 18rbon s turred on and gas fails to
flow to the converter The probem 18 ukely a
sticking valve plunger.
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QUESTIONS — FUEL AND FUEL SYSTEMS

1

List the three basic parts of a gasoline
fuel syslem.

Besides metering the fuel a carburetor

{a) atmoizes the fuel
i) mixes fuel and air th the proper ralio

(¢} distnbules Is fuel-air mixture 1Mo
the marnifold

(d) all of the above

A carburetor works on the basic prin-
ciple of:

(a) diference in power

{b) difference m pressure

{¢c} difference in speed

{d} all of the above

A chcke yalve s reguired on a carburetor
{o

{a) ncrease |he power when the engme
15 hol

(b) ncrease the power when the engine
15 cold

{¢) clean out the rmuxture during cold
starts

{d) gwe a ncher mixture for cold starts

LF3 s made up of
—_—— . or & mixture of |he two

LPG will only remain & hquid when 1t 18’

{a) stored oulside

(b} stored in large contaners

{c) stored under pressure

{d) stored i a heated area

What 15 the basic difference ' the

operation of an LPG fuel system and a
gasoline fuel system?

In an LPG fuel systemthe —_ _ ____
changes the hqud gas to a vapor

Why 1s LPG commonly used IR suych
warehouse machines as fork hfts?

How does a diesel engine's method of
delivering fuel to the engme differ from
that wused by a carbureted ¢ ‘sohine
engine?
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11

The function of the injeclion Pump i the
diesel fuel system is to:

(a) time the Imeclion and measure or
meter lhe fuel

{b) pressurnize and deliver the fuel to
each cylinder

{¢) both {a) and (b) are right.

What 15 the difference between an LPG
fuel tank and a& gasoline or diesel lank?

The degree of hliration of a filler 1s
measured In.

{a) Prolons

{br Electrons

(¢} Microns

{d} Neutrons

When an mn-line fuel hller IS used n &
gasonne fuei system. 111S usuaily piated
betw. 2n the

(a} qas tank and fuel pumps

(b} carburetor and mansfold

(¢} fuel pump and aw cleaner

{d) fuel pump and carburetor

The filter in a LPG {uel system serves two
purposes. It strains 1mpurties from “e
fuel and:

(a} pre-neats the fuel

{b} coois the fuel

{c) shuts off \he fuel when |he system is
not operating

{d) siores extra fuel

Give two reasons filterning 1S so important
i a diesel fuel system

A mecharical didphragm fuel pump
opeiales by an arm that ru s O a cam on
the engine’'s

{al crankshaft

(b)  camshafl

(¢) water pump shaft

{d} rocker shaft

True of False? When replacing fuel n-

jlection lines. any hine size or length will
do provided the coennecltions lit properly.

Care must be 1aken not 1o
_ fuel une connectors
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How does compression ral.o relate to the
fuel 1in enging yses?

Whizh of the following fuels 1s burned &t
the G .est compression ratio”?

.a) gasoline

ey diesel

{c} LPG

What does oclane rating refer to 1n
gasoline?

How does low volatihty gasohne effecl
cold starting?

What does the cetane number refer to in
diese! fuel?

List the two man areas of concern when
stonng fuel

How does the color of a fuel tank effect
the 1Gss of gasoline through
evaporation?

When gasoline and diesel fuel are stored
far long penods of lime. they will oxidize
forming deposils. Gasoling should not
be stored for penods over .
Diesel fuel can be stored up 10

How can gum deposits be mimimized In
above ground diesel fuel tanks?

How long should you wait before
drawing fuel from a newly filled diesel
tank or drum?

{a) 35 to 10 minutes

{b} 3 or 4 hours

(c} overmight

(d) 24 hours

What 1s the best policy lo follow lo
reduce overmight condensation 1a a
machine s fuel tank?

{2) store the maching i 2 warm place

(b} drain the water trap at the beginming
and end of each shifl

tc) fill the tank at the end of each shift
or day

id; “l the tank before it runs out

True or fFalse? Galvanized tanks are
suitable for storing diesel fuel?

32
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What advanlage does LPG have over
gasoline and diesel with respect io
stortng?

How far should a pump intake pipe be
from the bollom of a fuel storage tank?
Why?

Briefiy lisl items Ihal should be checked
during a daily p.m. of the machine’s fuel
system.

To aid 1n slarting a diesel engine after a
fuel filter change i1t 1s a good prachice to:
{a} change the filler quickly

(b} don't shul the engine off while
changing the filter

(c) have the fuel tank full before
changing the filter

{d) hil the new filter with fuel before in-
slalling it

Bleeding or priming a diesel fuel system
1Is necessary lo remove all the

in the fuel system after fyel
lines have been disconnected or a pump
or hiter changed.

An obvious sign of a clogged filter on an
LPG fuel system is the:

{a} engine is hard to start

{b) engine runs rough

{c} fuel straner frosts up

{d) engine will miss at high speed
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ANSWERS — INTERNAL COMBUSTION
ENGINE

heat mechantcal

(@ ar
by fuel
(c) combuystion

It's heated

In & vaponzed state

False Oxygen causes the fue! to burn
rotary R

{d) Intake. comgpression. power. and
exhaust

ic) cycte
b} I-Head

tn 2 two stroke cycle engine. the cycle is
completed dunng one revolution ol the
crankshaft The piston makes two
strokes. one up and one down. In a four
stroke cycle engine. the cycle IS com-
plete¢ duning two revolutions of the
crankshafl The piston makes four
strokes. two up and wo down.

waler aw

1 gasoline
2 diesel
3 LPG

in a gasoline engine fuel and arr are
mixed 1n the carburelor and then sent to
the combustion chamber where the mix-
ture 15 compressed and ignited by a
spark plug In a diesel engine air 1s com-
pressed In the combustion chamber and
then injected with fuel. The heal of the
compressed air ignites the fuel.

To raise the temperature high enough to
ignite the fuel without a spark.
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ANSWERS — COOLING SYSTEM

Prevents overheating of the engine.
Regulates temperatures at best level for
engine operalion.

False-

Allows for rapid warming at starl-up.
.. heat excharger. ..

{c) Convection.

To circulate the water throughout the
cooling system.

thermostat.
True.

Blower fans are used on slow moving
machines because there i. a possibility
ol harmful materials being drawn into the
radiator with A suction fan.

{b) to increase fan efficiewny.
Faise.

(d} closed by air pressure and opened
by spring pressure.

Softens the water {i.e.. removes the
corrosives} and removes the dirt.

True. ... corrosive inhibitors.

A special element that is compatible with
the anti-freeze needs 1o be used in the
filter.

Leakage.
.. .cold

1 They don't give a permanent repair.

2. They will ultimately cause plugging
of the radiator.

Accumulation of foreign material in the
core air passages. Regularly check and
blow out the radiator with waler or air
pressure.

Cracked or swollen.

1 Condition.
2. Alignment.
3. Tension.

22.

7:85

Make sure intet and outlet valves are
opened.

Check all hoses. httings and con-
nections for leaks.

3. Check and lop-up the coolant level.

{c) hydrometer.

False.

(b} relieve all belt tension.
(a) replace all as a set.

7/16" for one foot. and so half of that
again for one and a haif feet.

76 + 32 = 102 ) approximataly
16 16
0 . 5

16 8
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ANSWERS — LUBRICATION SYSTEM

s: 1. ....f{riction... heat

True.

A maximum Pressure-relief valve,
/ 3 (b) f.h flow &nd bypass.

Pleated paper hiter.

(d) crankcase.

(a) Dbearings.

The filter's bypass valve opens.

© ® N e o os o

if the cooler becomes clogged or there 1§
too much intemnal resistance within the
5 cooler on a cold start-up. the pressure
ditferential valve opens allowing oil to
still reach the bearings.

10. I the blow-by gases in the pan are naol
vented. they will build pressure and
cause the front and rear crankshaft seals
to leak. Also. if not vented the blow-by
gases would contaminate the oil.

=T i1 Base stock oil fortified with additives to
e orovide the required performance level

12. False. Each type of oil with its additives
ts nght for the operating conditions H is
designed for.

y 13. .. wiscosity . .. thicker

14 "S” Gasoline engines.
‘C” Diesel engines

15  Moderate duty diesel and gasoline ser-
Do vICe,

- " 16. Tree.

17. It refers to laboratory analysis of used oil
to determine the types and amounts of
worr, metals 10 the oil.

18. (c) 125 10 250 hours.

NP 19. The condition of the internal parts that
v - the o luoricates.

T ' 20 Sothat contaminants will mix with the il
' and be drained out with It.

. - 21 When 1t becomes contaminated with J
: either fuel. coolant. of metal chips.
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ANSWERS — AIR INDUCTION 16 False B

~ ’ SYSTEM .
. 17. The same oIl as is used m the engine.

. 1 1 Naturally aspirated. and naturally
: aspirated and scavenge blown.

2 Turbo charged
3 Turbo charged and after cooled

18 (¢} Lnt and other contaminants appear
on the undersicde of the element.

2 A naturally aspiraled engine uses no aids
to get at: into and out of the engine. The
scavenge blown engme has an engine
driven ar pump that forces fresh air into
the cylnders and dnves the exhaust
gases out.

{c) exhaust driven turbine
By compressing the ar.
When operaling under full load,

{b) cool the inlet air belore it enters the
engme

Dry element cleaners. pre-cleaners. ol
bath cleaners

False

The vanes creale a twist or cyclonic
movement 1n the air which throws (he
dust and dirt particles outward and down
to 2 removeable dust cup. The air then
passes through the air filter to be furl; er
cleaned

It reverses direction causing most of the
dirt 1o become trapped by Ihe ol and set-
tte out v the sump

(cy A red band 1s visible on the -
dicalor

1l from an overfilled cup can be drawn
mto the engine causing it to run away

1 Use caution when working around a
ruar.ng engme with an open mtake
becuse rags. loose clothing. elc.
car be drawn o the mntake.

Never leave an open mntake on a
stopped engine Cover 1t with
something hard such as plywood.

When the restriction indicator indicates
the need, or at the intervals recom-
mended by manufacturers. More oflen in
severely dusty conditions.

The steam will only force the dirt to the
center of the element
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. ANSWERS — EXHAUST SYSTEM
*. . _ 1. {c) muifle enging noise.
.. (¢} a b and ¢ are all correct.
{a) & to8.

Sharp bends cause {00 much restriction.

w0 N

Carbon monoxide ¢an find its way into
the cab.

’ R 8. Ensure that there is adequate ventilation
y ; for the deadly exhaust gas., carbon
= monoxide.

7. By running your hand a few inches above
the pipe.

M

L




1.

Ne v s b

10.

11.
i2.

13.
14,
15.

16

17.
18.
19.

ENGINES
ANSWERS — FUEL AND FUEL SYSTEMS 23,
fuel tank
fuel pump 24.
carburetor
{di all of the above. 25
difference in pressure,
(-1} give a rnicher mixture for cold starts. 26.
.. . proPane. butane.
{c} stored under pressure 27
vaporizas before it reaches the car-
busetor. whereas gasoline is vaporized in o8
the carburetor. )
converter . . 29,
It burns cleaner than the other two fuels: 30
its exhaust contains les: carbon )
monoxide.
. Lo . \ 31.
A diesel engine injects fuel directly into
each cylinder. A gasoline engine delivers 32.
a mixture of fuel and air to the com-
bustion chambers.
{(c) both {(a) and (b} are right. as,
LPG tanks must be heavier and stronger
because the fuel is stored under
pressure. 34,
{¢) Microns.
(d} fuel pump and carburetor.
shuts off the fuel when the system 1s not
operating.
1 the luel tends to be impure. a5,
2. injection parils are precision made
and dirty fuel will damage them. 26
(b} camshaft. 47

21,

22.

False.
. .. overtighten . . .

Each fuel has its imits as to how much it
can be compressed and still burn

properly.
(b) diesel.

Octane is a measure of anti-knock
properties. The higher the octane rating
the less tendency the fuel has to knock.

7:89

It does not vaporize readily and could
cause hard starting.

Cetane number measures the ignitability
of the fu<l; the higher the cetane number
the shorter the period.

1. protection of fuel quality.

2. safety

A light-colored tank reflects sunlight.

Thus the tank is cooler and not as much
fuel evaporates.

Lo Qum. L. one month..... three

months.

Paint the tank a light color. and shade
the tank.

{d) 24 hours.

{c} fl} the tank at end of each shift or
day.

False.

LPG is stored in a pressurized tank and
therefore has no loss due to evaporation
and no deterioration with time.

three to four inches so that the dirt and
water that have settfed don’t get drawn
up witn the fuel.

fuel lines for leaks and damage.

2. water accumulation in water trap or
primary filter.

3. momentarily open the tank drain to
check for coniaminants.

4. clean the tank breather.

{d) fill the new filter with fuel before in-
stalling it.

{c) {fuel strainer frosts up.
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TASKS — ENGINES

PREVENTIVE MAINTENANCE SERVICE ON
COCLING SYSTEMS

DAILY AND ROUTINE MAINTENANCE
CHECK

1. Check any hquid cooling syslem for leaks.
for the condition of hoses, the lension of
belt(s). the condilion and operation of the
shutters and fan. for dirt accumulation and
possible air flow restriction of radialor,
and for the level and condiion of coolanl
Perform any munor répaws such as ad-
Jjusling. tightening. cleaning. or report any
suspected unsafe operating conditions to
a journeyperson.

SCHEDULED MAINTENANCE

1. Using the correct lools and procedures
staled in the service manual.

{a) Drain the coolant.

{b) Reverse-llush |he radiator and
engine block.

(c) Remove, tesl. inslall lhermostal.

{d} Install new filler element (if equip-
ped).

(e} Fill the syslem with waler/anli-freeze
solution and run the enging until the
system IS up to operaling tem-
perature. Check lhe coolant level,
and top up if low. Check the cooling
system 1o ensure 1t has no leaks.

2. Using an ant-freeze hydrometer. |est the
coolant to make cerlain there s sufficient
range against freezing of coolant for your
region.

PREVENTIVE MAINTENANCE SERVICE ON
LUBRICATION SYSTEMS

DAILY AND ROUTINE MAINTENANCE
CHECKS

1. Check the o1l for waler or fuel con-
lamination Report  contamination is
found.

2 Check Ihe oil level. and If low, top It up
with the correct type of ol

3 Check the lubncalion syslem for leaks. for
the condition of lines or hoses. and check
the operzuon of breathers and venis. Do
any muinor repaws. or reporl suspected
unsafe operating conditions

SCHEDULED MAINTENANCE

Using the correct lools and procedures stated
in the seryice manual:

1. Drain the oil sump and filters.

2 Remove and clean lhe {dler housings. and
correctly install new Diters. being careful
to keep fillers and gashkets clean.

3 Inserl and ughten drain olugs. and fill the
sump with the correct types and amount of
oil.

4 Start and run the engine and check the
complete system {o ensure ther2 are no
leaks

5 Stop the engine. wail for five minutes and
recheck the o level. adding ol i
required.

SERVICE REPAIR ON LUBRICATION
SYSTEMS

When o1l contammalion 18 found in a machine
or an internal component has failed. perform
flushing procedures

1. Drain \he complete syslem.

2 Remove. flush and rennstall the ol cooler
and connecling lines. and clean Lhe filler
housings.

3 Inslail the flushing od. run the engine.
slop and draun the syslem

4 Repeatl normal hiller inslallation. oil Mll-up
and running and checking procedures.
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PREVENTIVE MAINTENANCE ON
AR INDUCTION SYSTEM

DAILY AND ROUTINE MAINTENANCE
CHECKS

t. Prachce safely when working around
open air inlets on a running enging —
rags. loose clothing. etc.. can be sucked
into the manifold

Practice cleanliness when working on air
induchion systems — all pipes. duching.
filter housings must be absolulely clean
on assembly

2. Run the engine and check the air cieaner
restriction indicator (if equipped). Stop the
eng:ne, carefully inspect all ar induction
piping and replace any cracked or
damaged sections. remembering to
tighten all clamps.

3 Inspect the turbo charger and/or blower
for evidence of nil leaks. and it any are
found make minor repairs. With the
engine running check the turbo charger
and/or blower for excessive noise. Repor
il a2 problem is suspected.

SCHEDULED MAINTENANCE

Consulting the service manual. do preventive
maintenance service on pre-cleaner and air
cleaner(s):

t. Qil bath type — thoroughly wash the oi!
cup and the elemeni and change the cil,

2. Dry type — disassemble the cleaner.
clean the containér housing. clean or
replace the filter element and reassemble.

EXHAUST SYSTEMS
SAFETY

t. Practice safely when removing and in-
stalling exhaust parfs. H the engine has
just been running the parts will be hot.
Exhausl parts. especially on large
machines, can be heawvy.

ROUTINE MAINTENANCE CHECK

1 Complelely inspecl an exhaust system for
leaks and for loose components and make
any necessary minor repairs.

SERVICE REPAIR

1. Gel experience installing exhaust sy. =
components such as mulllers. piping and
mounts. When installation 1s complele run
the engine and check to ensure there are
no leaks.

FUEL SYSTEM

SAFETY

1. Practice salety wmth regard to fuel com-
bustibility. Practice absolule cleanliness
when working with fuel and fuel systems.

ROUTINE MAINTENANCE CHECK

1. Visually inspecl a complete {uel syslem
from the tank to the engine (to include
shut-off valve. lines or hoses. filters. trans-
fer pump and return line) for leaks or
damage. Do any minor repairs and/or
report unsale operating conditions.

SCHEDULED MAINTENANCE

1. On a vehicle equipped with a diesel
engine:

(a) Open the drain on the f{uel supply
tank sufliciently lo remove any ac-
cumulation of waler and dirt.

{b} Check the water trap and drain if
required.

(c) Install new fuel filler(s).
(d) Bleed the system to remove air.

{d) Start the engine and check o ensure
there are no teaks.
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BASIC ELECTRICITY

FUNCTIONS OF ELECTRICITY
IN HEAVY DUTY VEHICLES

Electricity performs many imporian: functions
in the Heavy Duty Vehicle and Equipment
field. Electricity is used to:

1

Supply power to turn the €1gine over for
starting.

Provide the spark 1gnition for each cylin-
der in a gasoline engine.

Provide power for all |he hghts on a
vehicle:

— head lights

— tail lights

— stop lights

— signal lights

— dash warning lights
— cab light

Operate the horn.

Supply power for electrical gauges such
as:

— fuel level gauge
— oil pressureé gauge
— lemperature gauge

Power electrical accessories such as.

— radio

— heater

— air conditioner
— wipers

Power many varieties of magnetically
operated controls such as:

— starter switches
— transmission shift conlrols
— hydraulic valves

Supply power to maintain the battery
charge tevel.

ELECTRON THEORY

This block begins with a discussion of the
Electron Theory. the most widely accepted ex-
planation of electricity.

Before you can understand what electricity is.
you first have to have a basic picture of 2n
atom. All elements are made of billions of
aloms. Atoms have particles called electrons
in orbit around a core of protons; Ihe number
of electrons is |lhe same as the number of
protons. Electrons have a negative (-)
charge. while protons have a positive (+)
charge. The sinplest atom is hydrogen having
a single electron in orbit around a single
proton. Uranium is one of the most compiex
elements wilh 92 electrons and 92 protons.
Models of the two atoms are shown in Figure

8-1.
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(8-1)

URANIUM ATOM
Cournesy of John Deere Lid

In their natural state atoms have an equal
number of positive protons and negative elec-
trons. The atoms are therefore electrically
neutral. This neutral stale. however can be
altered. If an electron is attracted away from
an atom. the atom will have a positive charge
since il will have one more proton than elec-
tren. Or vice versa, if an electron is added to
an atom, the atom will have a negative charge
because it has one extra electron.

The element copper is widely used in elec-
trical systems because it is a good conductor
of etectricity. The reason for copper's good
conductivity can be explained by looking al a
Aiagrar of its atom (Figure 8-2)

-
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The copper atom contains 29 electrons
distributed in four separate shells or rings.
Notice that the outer ring has only one elec-
tron; it is this one electron that makes copper
a good conductor of electricity. Because
there is only one electron in its outer orbu
where many could theoretically ht, and be-
cause this electron 18 quit: a distance from
the positively tharged nucleus that attracts or
binds the clectrons to the atom, the copper
atom does not hold onto the electron too
strongly. Therefore. copper atoms have the
tendency to both give up or accept an elec-
tron in 1ts outer orbit.

Consider what happens in a copper wire
where there are a string of copper atoms with
a positively charged atom at one end {i.e., the
atom has no electron 1in its outer ring) and an
atom with negative charges at the other end
{rLe., the atom has an extra electron, that is
two electrons in its outer nng). Since positive
charges atiract negative charges., the
positively charged first atom will attract the
negatively charged electron in the outer orbit
of the second atom.

This electron will jump over to the positively
charged atem Qiving the atom the efectron it
was missing in its outer ring (Figure 8-3).

o m
+ CHARGE

NO ELECTRON
IN OUTER
ORBIT

(8-3)

The first atom has achieved a neutral state,
out now the second atom is left with no elec-
tron in its outer ring. and so it has a positive
charge Its positive charge atiracts the
negatively charged electron from the third
atom. The third atom will attract an electron
from the fourth, the fourth from the fifth, and
$0 on The second to last atom will take an
electron from the last atom which being
negatively charged has two electrons in its
outer orbit. Now all the atoms along the row
have the righ: number of electrons in the
outer ring, In the process electrons have
passed from atom to atom, drawn to the
positive end alcng the line of atoms from the
negative end. Looked at in terms of the
direction that the electrons move, a flow of
electrons has taken place from the negative
end o the positive end. This last statement is

the definition of electricity. Electricity 15 the
flow of electrons from atom to atom in a con-
ductor in the direction of negative to positive.

Of course. the above description of electron
flow is simplified On an actual cross section
¢i a copper wire there are billions of copper
atoms and so bitlions of electrons will be
passing amongst them. These electrons will
continue to flow as lonQ as the positive and
negative charges are maintained at each end
of the wire By adding new electrons to the
negative end of the wire and by taking elec-
trons away from the positive end of the wire as
Ihey get there (this is what a battery does} the
electrons or electric current will flow in-
definitely,

A basic idea of electricity is by no means easy
to grasp Electricily is spoken of as flowing in
a wire. just as water is said to flow in a hose.
But water is a real substance that you can see
and touch Elect icity on the other hand. is not
a substance You cannot point to 2 material
and say that is electricity Rather. electricity is
a force of aftraction that causes conductor
electrons to move and thus to have enerQy.
Having no substance itself, the force of elec-
tricity uses the substance of the conductor o
carry its energy. Like the wind, electnicity can
be felt, the results of its energy can be seen,
but electricity. itself, can’t be looked at and
examined.

BASIC FACTORS OF ELECTRICITY
There are three basic factors of electricity:

— current
— voltage
— resistance

Current

The flow of electrons through a conductor is
called an electric current and is measured in
amperes. One ampere is a current of 6.28
billion billion electrons passing a given point
in the conductor in one second. The current
or amperage of a circuit, then, is a measure of
how many electrons are flowing in the circuit.

Voliage

One end of a current carrying conductor has
a positive charge., and the other end a
negative charge. The strength of the charge
depends on how many extra electrons there
are at the negative end or conversely how
many electrons are missing at the positive
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end. The greater the number of exlra elec-
trons {or missing electrons) the greater the
charge or Ihe difference between the two
ends. Voltage 1s the term used (o measure the
strength or force of the attraction between the
positive and negative charaes. Of course, the
stronger the charges at eitner end the greater
will be their force of attraction for one
another, or their voltage.

Voltage is the force that causes a flow of
current in a conductor. Voltage can be
generated by a storage battery or by a
generator. Note that voltage is a potential
force and can exist even when there is no
current flow. For example, a storage battery
can have a potenlial of 12 volts between its
positive and negative terminals, and this
potertial exists even though no conductors
are connected to the posts. Voltage, also
called potenlial differences is stored in a bat-
tery in the form of a surplus of electrons at the
negative post and a corresponding lack of
electrons at the posilive post. When a con-
ductor is attached to the posts the surplus
electrons at the negative post will travel to the
positive post. As the electrons arrive. the
positive post transfers them back through the
battery to the negative post, maintaining the
difference between the posts.

Resistance

All conductors offer some resistance to the
flow of current. Resistance is caused by:

1. Each atom resisting the removal of an
electron due to its attraction toward the
core.

2. Collisions of countless electrons and
atoms as the electrons move through the
conductor. The amount of resistance
depends on the material of the conductor.
its thickness or diameter, and its length.

in & circuil the resistors are the electrical ac-
cessories, the lighls, the electrical motors. the
gauges, elc.

The basic unit ol resistance is the ohm. One
ohm is the resistance that will allow one am-
pere to flow when the potential is one volt.
The symbol for ohms is -,

ELECTRIC CIRCUIT VERSUS A HYDRAULIC CIRCUIT

The chart below compares an electrical circuit wilh a hydraulic circuit.

Elament Hydraulic Electric
Comparad Circuit Circuit
fluid flows in hydraulic electrons flow in copper
Circuit lines to operate hydraulic wires 1o operate electric
cylinders accessories
source of energy pump balttery. generator
flow rate gallons per mnuie amperes {electrons per
second) (|}
working energy pressure voltage (E)
resislance friction loss ohm (R}
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BASIC ELECTRICAL CIRCUIT

A basic elactrical circuit has three parts
(Figure 8-4):
— voltage source such as a battery
— registor such as a light bulb
— a conductor such as copper wire lo
connect the circuit

CONDUCTOR

+

(8-4)
Counesy of John Deere Lid

An ammeter measures the current in an elegc-
trical circuit, a voltmeter the volls, and an
ohmmeter the ohms (Figure 8-5).

—&

AMMETER

—_ RESISTOR
BATTERY
£

VOLTMETER
(8-5}

Courtesy of John Deere Lid

Knowing the basic information about an elec-
tnical circul means knowing the volls, amps
and ohms in the circuit. An electrical formula
called Ohm's Law relates these three quan-
tities:

E {voits) = | (amps} x R {resistance)

Because there are three quanuties, there are
three formulas’

E E
E = IR l=—  R=—

If you know any two of the quantilies you can
find the third by applying the above formulas,
For example, if you know the amps {1} and the
ohms (R}, multplying the amps times the
ohms will give the volts (E). Or if you know the
ohms (R) and the volts (E), dividing the volis
by the ohms will give the amps. An easy way
to remember these formulas is by using the
triangle in Figure 8-6 (A similar triangle was
used in Hydraulics with pressure, force and
area.)

E
{volts)

| R
{amps) {ohms)}

(86}
Look at the tnangle. as you read these for-
E E

mulasE = IR. | =—and R =_to see how the
triangle works. R |

Sample Problems

1 A circuit has 12 volis and a resistance of
three shms What 1s its amperage?

Solution:

You know the volls and the ohms so use
the formula for the amps:

E volts
| = _ or amps =
R ohms
12
= _ = four amps.
3

2 Whal voltage is needed lo send a five amp
current through a 87 ohm resistor?

Solution:

You know the amps and the ohm sSo use
the formula for the voltis

E = IR or volls = amps X resistance
E= 5 x87
= 435 yoits

ELECTRICAL TERM DEFINITIONS

Conductor — Any substance that is a good
transmitter of electricity All metals and many
liquids are considered conductors. In general
any substance composed of atoms with less
than four electrons 1n its outer orbil ts a con-
ductor.

Insulator — Opposite to a conductor. Any
substance that 1s a poor transmuter of elec-
tricity. Insulators usually have more than four
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electrons in their outer ring. Glass, plastic,
mica, bakelite and rubber are examples of in-
sulators.

Closed Circuit — A closed circuit has (Figure
8-7)

1. a circuit path with no breaks in it
2. aresistor o control the amount of current
flow. \ I
. /

LAMP
RESISTOR

+ _
— - | F

BATTERY

(8-7)
Open Circuit — In an open circuit the circuit
path is opened either by a switch or by a
broken wire. In Figure 8-8 the current can't
reach the light because its path is broken. All
tight circuits in homes are open circuits when
the switch is in the off position.

7o

&

BATTERY

(8-8)

Short Circuit — A short circuit occurs in a cir-
cuit when the current can take a shorter
course, bypassing the route it was supposed
to take. In Figure 8-9 the lamp won't light be-
cause the current is short-circuited.

@ LAMP

(8-9)

& A

BATTERY

CONDUCTOR CREATING A
SHORT CIRCUIT

In a short circuit there is fittle resistance since
the current is not traveiling through the
resistor (the light). Looking at the formula

amps = volts

, if the ohms, the quantity you
ohms

are dividing by. is very small because of the

short circuit, it means that the amps will be

large. So large, in fact, that the conductor

would be burned up and destroyed.

DIRECT CURRENT AND
ALTERNATING CURRENT

Direct current (DC) travels in one direction
only whereas alternating current (AC} con-
stantly reverses direction. Batteries produce
DC and therefore all the electrical ac-
cessories used on heavy duty vehicles
operate on DC.

WATTS

Watts measure slectrical power; watls are
found by multiplying volts X amps. In a simple
closed circuit having 12 yolts and 2 amps. the
number of watts is 12 X 2 = 24. The circuit is
consuming 24 watts of electrical power. The
amount of electrical power is usually stated in
kilowatts (kw): 1000 watts = 1 kilowatt,
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BASIC ELECTRICAL SYMBOLS

—I— POSITIVE

a—= NEGATIVE

—+l l'_—_:—— BATTERY
—-\/\/\/\/— RESISTANCE OR LOAD

—-l=— GROUND

IGH TION COIL

BISTRIBUTOR CONTACTS
e S

—| €—— CONDENSER OR CAPACITOR

SPARK GAP

—T_ CONNECTION

CONDUCTOR
CROSSOVER

bC GENERATOR

bC MOTOR

OR @ AC GENERATOR

-/w- INDUGTOR (SOLENOID)
— @ —=SWITCH (OPEN)

m LIGHT BULS
+DIODE (ONE-WAY)
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TYPES OF ELECTRICAL CIRCUITS

There are three types of circuits (Figure 8-11)

MW

|1
7k
SERIES

SERIES several resistors
connected s$0 that current
can lake only one path

8-11)

— AN/

—\V\N—

| AN —

|
+1-
PARALLEL

PARALLEL: more than oOne
path for the current 10 flow.
Resislors are side by side
and provide separate routes
fcr the currenl.

Courtesy of John Deere Lid

W

Wy

|\
+1=
SERIES PARALLEL

SERIES PARALLEL: has
some resistors connected in
senes and some connected
in parallel.

Series Circuits

A basic senes circuil may have a three-ohm
{3 n) resistor connected to a 12-volt battery

(Figure 8-12).
4 AMPS —=Jp
1

{8-12)
Counesy of John Deere Lid

To find the current, use Ohm's Law, where

12. = 4 amperes, or 4 amps.

The series circuit in Figure 8-13 has a two
chm resistor and a four ohm resistor con-
nected to a 12 volt battery.

o\ e
A ANV,
2 AMPS™P

12 VIJ'

4 YOLTS
4

pod

8 vOLTS

(8-13)

Courtesy of John Deere Ltd

In a series circuit, the total circuit resistance
is equal to the sum of all the rasistors. In this
circuit, the total circuit resistanceis 4+ 2 =6
ohms. The current from Ohm's Law is:

1 .—.E:’-?.: 2 amperes.

R 6

Voltage across the two-ohm resistor can be
tigured using Ohm's Law: E = IR =2 x2 =4
volts. For the four-chm resistor, E =2 x4 =8
volts, These values are called the voltage
drops. and the sum of all voltage drops in the
circuit must equal the source voltage.or4 +8
= 12 yolts. An ammeter connected in the cir-
cuit will read two amps, and & volimeter con-
nected across each resistor will read four
volts and eight volts.

In summary. senes circuits have the following
features:

1. The current through each resistor is the
same. Ohm's Law states that if a circuit
has a given amount of volts and ohms,
then a set Quantity of amps will be drawn
through the circuit. Since the amps travel
only one path, they are the same
throughout the circuit. Think of this
current travel in terms of the electron
theory. A set number of electrons set out
from the negaltive terminal to travel to the
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positive terminal. Since they can take only
one route. the number of electrons
traveling {i e , the number of amps) will be
the same al any pomnl in the circuit

The voltage drops in a series circuil.
Unhke current. voltage is not the same
throughout the circuit When an electron
sets out from the negalive termunal It has a
certain strength of charge or attraclion
fie., volts) for the positive lerminal. Bul
there are resislors in s path. These
resistors weaken the electrons force of at-
traction because part of thewr force or
strength is needed to getl through the
resistor. Thus as the electiron
progressively travels through resistors
more and more of its strength or attraction
for the posilive lerminai i$ used up. Over a
senes of resisiors, so many volts will be
used to get the electrons through he first
resistor. o many through the second and
so on, the amount of volis ysed up at each
resistor depending on how large the
resistance 15. After pushing their way
through the last resistor they have hitle
slrength or voltage left. Ttus progressive
consumption of voitage to get through
resistors 1$ called vollage drop. Since the
voltage drops afler each resistor. voltage
vanies throughout the cwcuit Note that the
sum of the drops equals (he total vollage
at source.

Parallel Circuits

1.

In a senes « suil the electrons (or amps)
have one path to follow and thus the am-
perage is the same throughout the circuit
Not so In a paraliel circuit. In a parallel
circu.! the amps have two or more paths to
follow The parallel circyit in Figure 8-14
has \wo paths for electrons 10 take

1 = =

Efectrons set out from the negative ter-
minal. Some of them take the 311 route to
the positive terminal and some the 6%
route. (Note the electrons will take the
path of least resistance so thatl twice as
many will take the 3 fLroute as will take
the 64 route.) Since the number of elec-
trons is split up among the two circuits,
the amps will vary at different locations of
the parallel circuit. The sum of the amps
from all the circuits wili equal the total
amfPs of the circuit.

The cuirent lhrough each resistor or
branch of the circuit can be figured using
Ohm's Law. For the six-ohm resistor,

1 =—E-= £= 2 amps.

R 6

. 12
For the three-ohm resistor. 1 =———= 4
3

amps. The total current supplied by the
battery is 2 + 4 = 6 amps (Figure 8-15),
6 AMPS—p

2 4
AMPS AMPS

l 6 a l 3a
4— 6 AMPS

(8-15)
Couriesy ol John Deere Lid.

The tolal resistance of the parallel circuit
15 equal to the voltage divided by the

1
fotal current or-ggﬂ- 2n.

In a senes circuit voltage drops after each
resistor and therefore full vollage is not
present al each resistor. The opposite is
true in a parallel circuit: full voltage is
available at each resistor. Why is.full
vollage present in paraliel circuits?
Examine the parallel circuit in Figure 8-16.

12 VE ‘2 6 ?3'0'
+
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An electron starts out from the negative Series Parallel Circuits
terminal with a 12 volt charge or attraction
for the positive terminal As seen above,
some of the electrons will take the route
through the Bsresistor to get to the
positive ierminal and some electrons will
take the route through the 3 ohm resistor. COMPARISON OF SERIES AND

The electron reaching the 6 n.resistor has PARALLEL CIRCUITS

a 12 volt attraclion because it hasn't gone Both the senes and parallel circunts in Figure
through any other resistors to drop nor 8-17 have three 4 ohm circuits.

will it have to go through any other ones.

The same can bLe said of the eleciron M
reaching the 3 I resistor. This electron
too has a 12 voll aitraction because it
hasn't gone through nor wili it have to go
through any other resistors.

Series parallel circuits are not commonly
found on vehicles, iherefore, they won't be
discussed here,

dn

In summary, parallel circuits have the

following features:
dn
(a} The vollage across each resistor is

the same. W\/

(b} The sum of the separale currenis
eqguals the total current in the circuit.

{¢) The current through each resistor will
be different If the resistance values by | }
are different. +1° = Y

12v (8-17) 12v
¥ 1348 SERIES PARALLEL
Sarias Circuit Courtesy of John Deere tig

Resistance; 4 + 4 + 4 = 12 ohms
Amperage: amps = _@i = _— =1amp
ohms 12

Power:; volts X amps = x 1 = 12 walts

resistance = 12 ohms: amperage 1 amp power = 12 walts

Parallet Circuit

. VoIt 12
Amperage. circuit 1 amps =Y - Z-3 amps

circust 2 ohms 4 3 amps
cweuit 3 3 amps

TOTAL 9 amps

Resistance: equivalent resistance is:

ohms volts = E

amps 9

= 1.3 ohms

Fower voits X amps = 12 X 9 = 108 walts

resistarce = 1.3 ohms: amperage = 9 amps power = 108 watls
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In Summary:

Seres circuit  — high resistance. low amperage.
Parallel circint — low resistance. high amperage.

Most circuits 0 vehicles are parallel circuits.

MAGNETISM

Elecincity 15 closely related {0 magnetism.
The eifects of magnetism were {irst observed
when naturally found fragments of iron ore
called lodestone were seen to attract other
pieces of iron {Figure 8-18).

{8-18) MAGNETISM
Couriesy of John Deere Lid

It was further discovered that a long piece of
lodestone iror ore. when suspended in air,
would align itself so that one end always
pointed toward the North Pole of the earth
{Figure 8-18). This end of the iron bar was
called the north pole, or N pole, and the other
and the south or S pole. Such & piece of iron
ore was called a bar magnet. The bar magnet
is the basic part of the compass. a
navigational aid that has been used for over
1.000 years.

Magnetic Fields

Further study of the bar magnet revealed tha!
an attractive force was exerted upon bits of
itgn or 1ron filings even though the iron filings
were some distance away from the bar
magnet It was clear that a lorce existed in the
space close to the bar magnet This space
around the magnet to which iron tilings are at-
tracted 15 called the field of force or magnelic
freid

The theory of magnetic lines of force can be
dramatized by spninkling iron filings on a
piece of paper resting on top of a bar magnet,
When the paper is lightly tapped. the iron
fillngs hine up to form a clear pattarn around
the bar magnet {(Figure 8-19).

low power (walttage)

high power

i

ST

\\
l\\;

“rS

IFION
FILINGS FILINGS

(8-19) MAGNETIC FIELD OF A BAR MAGNET
Courtesy of John Deere Lid

The pattern shows that the hnes of force are
heawily concentrated at the N and S poles of
the magnet. and then spread into the
surrounding air between the poles. The con-
centration or number of lines at each pole is
equal. and the altractive force on the iron
fiings at each pole is equal. Notice that the
force of attraction on bits of metal is greatest
where the concentration of magnetic lines is
greatest. For @ bar magnet. this area 1s next to
the two poles.

Taking two bar magne!s and experimenting
with their polarities, you will find that unlike
poles. north and south, are attracted to one
another while like poles, north and north or
south and south. repel one another. The force
of attractirn gets stronger as the two unlike
poles are drawn closer together, and
correspondingly. the force of repulsion gets
stronger as the two like poles are pushed
closer together. Stated briefly this basic law
of magnetism is: unlike poles attract. like
poles repel (Figure 8-20),

UNLIKE
POLES
ATTRACT

LIKE
POLES
REPEL

(8-20) MAGNETIC FORCES BETWEEN POLES
OF BAR MAGNETS
Courlesy ol John Oeere Lid
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Just as there are good and poor conductors of
electricity, so there are good and poor
magnetic matenals. lron has good magnetic
properties whereas wood, paper, glass, cop-
per, zinc are less magnetic.

How Magnets Are Made

An orcdhinary iron bar can be converted into a
magnet in a number of ditferent ways. One
method is to stroke the iron with another
piece of iron that has already been
magnetized. The effect of inducing
magnetism into the iron bar is called
magnetic induction. Another method of
magnetic induction is simply to place an iron
bar m a strong magnetic field (Figure 8-21).
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(8-21) MAGNETIC INDUCTION OF AN IRON BAR
Courtasy of John Deere Ltd

The lines of force in the field passing through
the iron bar will cause the bar to bacome 2
magnet as long as it is located in the field. If
the bar is withdrawn from the field of force,
and if its composition is such that it retains
some of its induced magnetism. it is then said
to be permanenily magnetized and is called a
permanent magnet. Most permanent magnets
are made of hard metals composed of alloys.
(Soft metals will not retain much of their
magnetism.) Some of the more common
magnetic alloys are nickel-iron and
aluminum-nickel-cobalt and magnets using
the alloys are trade-named ALNICO magnets.
Permanent magnets ar2 found n many
shapes, including the horseshoe magnet
which concentrates the lines of force in a
small area between two poles (Figure 8-22).
Horseshoe magnets are widely used in volt-
meters and ammeters.

e
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{8-22) FORMING A HORSESHOE MAGNET
Courtesy of John Deere L1d

Summary of Magnetism

— Every magnet has an N and S pole, and
a field of force surrounding it.

— Magnetic materials are acted upon
when located in a field of force.

— Unlike poles attract and like poles
repel,

— An unmagnetized piece of iron can be-
come a magnel through induction.

ELECTROMAGNETISM

An expernment with 8 compass and a wire
carrying current reveals the connection be-
tween electricity and magnetism. When a
compass is held over the wire, the needle
turns crosswise to the wire (Figure 8.23).
Since the only thing known that will attract a
compass needle is magnetism, it is obvious
that the surrent in the wire creates a magnetic
field around the wire.

CURRENT
CARRYING

{8-23) WIRE

ELECTRIC CURRENT CREATES ITS OWN
MAGNETIC FIELD

Courlesy of John Deere LW

The nature of the magnetic field around the
wire can be seen when a current-carrying wire
is run through a piece of cardboard, and iron
filings are sprinkled on the cardboard. The
iron filings align themselves to show a clear
pattern of concentric circles around the wire
(Figure 8-24), o

DIRECTION OF
CURRENT FLOW

Cournlesy of John Deere Lid
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The circles are more concentrated near the
wire than farther away. Although the iron
fillngs on the cardboard show only the pattern
in one plane, remember that the concentric
circles extend Ihe entire lengltih of the current-
carryng wire,

When a current 1s traveling in one direction
and a compass 1s placed in the elec-
tromagnetic field. the needle aligns itself so
Ihat magnetic lines enter its S pole and leave
its N pole. If the direction of the current is
changed the compass needle reverses ils
posilion and points 1n the opposite direction.
Thus 1t can be concluded that

Electro-magnetic ines have direction, and
the,; change that direction when the
currert flow is reversed in the wire.

Points About Electiomagnetism

1 The number of lines of force, or strength
of the magnelism. increases as the
current through the conductor is in-
creased. More current creates a stronger
field. H a compass is moved iarther away
from the conductor. a point finally is
reached where the compass is upaffected
by the field. If the current is then in-
creased. the compass needle will be af-
fected and will again indicate the direc-
tion of the magnetic field (Figure 8-25).

NEEDLE
UNAFFECTED

ONE AMPERE
{8-25)

NEEDLE
ALIGNED

THREE AMPERES
Courtesy of John Deere Lig
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When @ number of conductors are placed
side by side, the magnetc effect 15 n-
creased as the lines from each conductor
Jowin and surround all the conduclors. The
ra0 of increase can %e seen in the
following:

Two ¢conductors lying alongside each
other carrying equal currents in the
same direchon creale a magnetic
field equivalent 10 one conductor
carrying twice the current.

if two adjacent parallel conductors are
carrying current in opposilte directions.
the direction of the field is clockwise
around one conductor and coun-
terclockwise around the other. When the
two wires are placed close together, as in
Figure 8-28, you car see that there is a
concentrated field beiween them because
the fields from the Iwo wires merge
together. Since both lines of force are rup-
ning in the same direchon there is a
strong field between the conductors. A
much weaker field exists o the outside of
the wires.

CONDUCTORS

CARRYING CURRENT IN
OPPOSITE DIRECTIONS

oz

(8-26}

CONDUCTORS TEND TO
MOVE APART

Courtesy of John Deere Lid

The strong field has an important effect on
the two conductors in as much as they
have . lendency 10 move away from one
another. Pulting this observation into a
general statement current €anmying wires
will tend 1o move out of a strong field and
into a weak field
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When two adiacent parallel conductors

are carrying current in the same direction

a magnetic field. clockwise in direction,

will be formed around each conductor,

with the result that ihe magnetic lines be- (;
tween the conductors oppose each other

in direction. Thus the magnetic field be-

tween the conductors is cancelled out, ¢)
leaving essentially no field in this area

(Figure 8-27). The two conductors will t

then tend to move toward each other. that DIRECTION OF
is, from a strong field into a weak one. (8-28) CURRENT FLOW

Courtesy ol John Deere Lid,

-pu -.-/’::\\\
/ ~N ///"‘3' All the lines of force enter the inside of the
t@} fﬁi@!‘,)‘ loop of wire on one side and leave it on
M

\\../ \ the outside Given the angles of the forces
o and the fact that the inside diameter of the
= \:/ conductor i smaller than the outside
MAGNETIC FIELD diameter. the lines of {orce are more con-
BETWEEN CONDUCTORS centrated on the inside of the i00p than on
CANCELS OUT the outside. A single loop of wire canying
(8-27) current is called @ basic electromagnet.

’ ‘-’__-_?__q Electromagnets
@’ ‘@ . 3 Rather than one loop, an electromagnet has a
Ao “" number of current carrying loops combined
\*:__" - ——" together to make a coil as illustrated in Figure

8-29.
CONDUCTORS TEND e
TO MOVE TOGETHER - —,

Courtesy of John Deere Lig -
s\n~ L .'

g { N
In points 2 and 3 above. the n'2gnstic [ < — \‘
fields were from two current carrying con- [ Byl N - L
duciors. The same principle could be Wh-——ﬁ-—-—bﬂ@'—:’/
deduced using a conductor and a (8-29) i
magnetic field from a magnet: the con- CDNDUCTOR IN SEVERAL LOOPS MULTIPLIES
ductor would be pushed away from the THE MAGNETIC FIELD
magnetic field when the conductor’s field
and the magnet's field ran In the same
direction; and conversely the conductor
would be pulled towards the magnet's
field when the wo fields run in opposite
directions. This push and pull reaction be-
tween a conductor and a magnet's field is
the basic principle of an electric motor as
will be seen in the discussion of a starting
motor.

Countesy ol John Deere Lid

A straight current-carrying wire when
formed into a single loop still has a
magnetic field surrounding it. The lines of
magnetic force, however, have a different
pattern (Figure 8-28).
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The strength of the resulting magnelic field 1s
the sum of all the single loop magnehc fields
added together With lines of force leaving the
cail at one end and entering at the other, a
north and soulh pole are jormed al the coil
ends, the same as in a bar magnet. If the
current direction through the coil 1s reversed.
the polanty of the coil ends will also reverse
The above core coyld be called an elec-
tromagnel Useable electromagnetics.
however, have ancher 2le . o 8. .on cu'e
around which the o¢ S ITC wrapped
(Figure 8.30)

IRON CORE INCREASES FIELD STRENGTH
Courresy of John Deere Lig

The strength of the magnetic field at the N and
S poles 15 (ncreased greatly by adding the
iron core, The reason for this increase 1s that
while aw 8 a very poor conductor of magnstic
lines, iron s a very good one. The yse of iron
in a magnetc path may increase the magnetic
strength 2500 times over that of air.

The strength of the magnetic poles in an elec-
tromagnet 1s direclly proportional to both the
rumber of turns of wire and tne amount of
current flowing in the coil (Figure 8-31).

1 AMP 10 AMPS
+ > 4

=

—
+* +*
1000 100

TURNS TURNS

=

1000 AMPERE TURNS

(8-31)
Courtesy of John Deere Lid

An electromagnet having one ampere flowing
through 1000 turns, and another elec-
tromagnet having 10 amperes flowing through
t00 turns wul each have a field strength of

1000 ampere turns. The attraction on
magnetic materials located 1in the magnetic
field of each of these electromagnets will be
the same,

Summary Of Electromagnetism

— —iectricily and magnetism are related
because a magnetic field surrounds a
conductor that is carrying current.

— An electromagnet has a N pole at one
end of the wron core and an S poie at
the other end. much like a bar magnet.

— Every magnetic field has a complete
circyit that is occupied by its lines of
force.

— An electromagnetic field gets stronger
as more current flows through its coils

ELECTROMAGNETIC INDUCTION

From the point of view of electricity.
something very important happens when a
conductor is moved across a magnetic field: a
voltage is induced in the conductor. This
voltage 1s called electromagnetic induction.
Electromagnetic induction (i.e.. induced
voltage} can be observed by doing the
following' connect a sensitive voltmeter to the
ends of a straight wire conductor Move the
wire conductor across the magnetic field of a
horseshoe magnet As the wire moves across
the field the volimeter will regisier a small
voltage (Figure 8-32).

CONDUCTOR
MOVEMENT h

YOLTMETER
READS YOLTAGE

MOVING CONDUCTOR ACROSS MAGNETIC
FIELD ~ VOLTAGE S INDUCED

CONDUCTOR T {8-32)

MOVEMENT

VOLTMETER
READS NO
YOLTAGE

MOVING CONDUCTOR PARALLEL TO
MAGNETIC FIELD — NQO vOLTAGE
IS INDUCED

Courtesy of John Deere Lid
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If the wire is moved paraliel wtih the lines of
lorce, no voltage will be induced (Figure 8-32).
The conductor must cut across the lnes of
force In order to induce a voltage,

Since a conductor cutting across the field has
voltage, it 1s 2 source of etectric current. Just
as a battery 1s, and must have a positive and 2
negative end.

I a battery the positive and negative ter-
minals are permanent. Electromagnetically in-
duced voltage, on the other hand. dees not
have permanent polarity; the positive and
negative end can change depending on which
direction the wire is moved through the
magnetic field. Figure 8-33 illustrates this
change in polarity and corresponding change
in current flow.

DIRECTION <_'.*'

CONDUCTOR

CURRENT FLOW
DIRECTION

CURRENT FLOW
Couriesy of Jobn Deere Ltd

In the previous examples, if. mstead of moving
the wire across the field, the field 1s moved
across the wires, the same voltage and
current llow will be induced in the wwe.
Therefore. 1t can be concluded that voltage
will be induced i a conductor cutiing across
a magnetic hielgd when there 1s relative motion
between the two. Either the conductor can
move, or the magnetc field can move.

Strength Of Induced Voltage

Three factors affect the strength of mduced
voltage:

1. The strength of the magnetic field.

If the magnetic field 1s made stronger. by
using a larger horseshoe magnet for
example, more lines of force will be cut by
the conductor in any given interval of time
and the induced voltage will be higher.

The spead at which lines of force are cut-
ting across the conductor.

If the relative motion between the con-
ductor and magnetic lield is increased,
more lines of lorce will be cut in any given
interval of ime and so the voltage will be
higher.

The number of conductors that are cutting
across the lines ol force.

In the example on the previous page one
conductor was passed through tne field
and a voltage was induced. If two wires
were moved across the field twice as
much current would be induced:; if three
wires, three times as much. and so on.
Electrical motors, generators. coils. use
loops of wire rather then straight wire as
conductors. When a straight wire con-
ductor is wound into a coil and moved
across the field, all the loops of wire are in
series and the voltage induced in all the
loops will add together to give a higher
veltage.

Note that the strengih of induced voltage is
related to the power needed to move the con-
ductors across the magnetic field, or vice
versa. When current is induced in a2 con-
ductor, a magnetic field forms around the con-
ductor. So the magnetic fieid ol the conductor
moves through the magnetic lield of the
magnet Since an interaction occurs between
the two fields, a resistance is set up against
the movement The more induced current, the
stronger the resistance Therefore, as the
amount ol induced current ncreases and thus
resistance Imcreases. more power will be
needed to move the conductors across the
field The practical application of this lact is
that the more current a generator or alternator
produces, the more povwer is needed to turn
them.
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Summary Of Electromagnetic Induction

— Stronger magnetic field equals more
induced voltage.

— Faster relative motion equals more
voltage.

-~ More conductors in motion equals
more voltage.

- More current induced equals more
power to move conductors through the
magnetic field.

The basic electricity, magneticism. and elec-
tromagnetism discussed above give the prin-
ciples that electrical components are built on.
Clearly understood, these principles wiil help
you in diagnosing and repairing electrical
parts.

ELECTRICAL TEST EQUIPMENT

To accurately test and diagnose electrical
problems, good test equipment is necessary.
If values for voltage. current and resistance
are not measured with suitable test meters.
only a guess can be made as ‘2 what defect
exists in the circuit,

The following discussion will look at volt-
meters, ammeters., 2nd ohmmeters. What is
said about the three meters separately also
applies to modern testers which often com-
bine two of the three meters in one test unit
(e.g., battery starter iester),

Voltmeter

A voltmeter (Figure 8.34) measures the
strength of electrical potential or voltage in a
circuit.

(8-34) VOLTMETER
Courtesy of Jahn Deere Lid.

1i9

Because the moving coil in the voltmeter is
very small and sensitive, the current through
the coil must be limited to safe values. To limit
current to a safe amount, vollmeters are con-
structed with a high resistor in series with the
coil. The voltmeter scale is calibrated ac-
cordingly to indicate the true voltage.

Voltmeters are connected across {in parallel
with) the voltage to be measured. as shown in

CONNECT VOLTMETER IN PARALLEL
Cavntesy of John Deere LId

Ammeters

An ammeter measures the flow of electrical
current in amperes. Two types of ammeters
are used, a shunt ammeter and a tong am-
meter.

Shunt Ammeters

Opposite to a voltmeter, the shunt ammeter
has a low resittance shunt connected in
parallel with the moving coil. The shunt sec-
tion of the parallel circuit, therefore, conducts
most of the current being measured leaving
only a small portion to flow through the coil.
Always connect an ammeter in series in a cir-
cuit: never connect it across -the voltage
source (Figure 8-36). If connected across, or
in parallel. the meter could be damaged.

®

(8-38)
ALWAYS CONNECT AMMETER IN SERIES
Caurtesy of John Deere Lid.

Tong Ammeter

Tong ammeters measure the amps in a circuit
by measuring the strength of the magnetic
field that surrounds the current carrying con-
ductor. The advantage of a tong ammeter is
that you can test without disconnecting any
wires. Current is measured by simply opening
the tongs and placing them over the wire.
However, a tong ammeter is pot as accurate
as a shunt ammeter,
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Ohmmetess

An ohmmeter (Figure 8-37) measures the
resistance or ohms 1 a circuit

(8-37) OHMMETER
Countesy of John Deere Ltd

Ar. ohmmeter has its own current supply, & dry
cell battery, and should always be used on a
dead circuit. Never connect an ohmmeter to a
live circuit as the external voltage may
damage it. Keep the dry cell switched off
when the ochmmeter is not in use.

Battery-Starter Tester

A battery starter tester (Figure 8-38) has a
voltmeter and an ammeter combined into one
urut. The tester will do a complete test on the
battery and starbing circuit.

D ntnmgermrre peoe .,

(8-38) BATTERY-STARTER TESTER
(VOLT-AMPERE TESTER)

Couresy of John Deere Ltd

CARE AND SAFE PRACTICES WITH
ELECTRICAL TESTING EQUIPMENT

The accuracy of electrical test equipment will
depend on how well it is looked after. Follow
these simple rules for care and use of the
equipment:

1. If in doubt of voltmeter, ammeter, ohm-
meter hook-up procedures. refer to in-
structions for the machine.

Do not overload the meter. Check the
meter setting before connecting the meter
into the circuit. For example. some volt-
meters can have four different setting
ranges that fall between 4 and 40 volts,
One setting would be used when tesling a
12 volt system, and & higher setting would
be used on a 24 volt system.

Remember the basic rule applied to each
meter:

(a) Voltmeter — connected in parallel
(b} Ammeter — connected in series

(¢} Ohmmeter — connected to a dead
circuit only.

Avoud connecting the meter backwards as
reversing the connections is hard on the
meter. Most meter connectors are color
coded, red for positive, black for negative.

Keep the instruments clean. Cover them
when not in use of store them in & clean
area,

Avoid testing in hot areas around an
engine as heat can burn or damage the
meter connectors.
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QUESTIONS — ELECTRICITY THEORY
1.

Electricity flows in & conductor in the
direction of:

(a) negative to neutral
{b) negative to positive
(c) positive to negative
{d} positive to neutral

Electricity 1s a form of:

(a8 heat

(b} hght

(c) energy

{d} magnetism

True or False? The term current means

the flow of elecirons through a con-
ductor.

Bnefly explain the term voltage.

All conductors offer some resistance to
the flow of currenti the basic ynit of
resistance is the:

(a) diode

(b) thermistor

(c) ampere

(d) ohm

List the three basic parts of an electrical
circuit.

Match the unit of electricity with the
meter ysed t0 measure it

(a) Voltage {a) Ohmmeter
{b) Current (b} voltmeter
(c) Resistance (¢} Ammeter

Use the formula for Ohm's Law to
calculate the current flow in a circuit that
has 12 volts potential and a resistance of
four ohms.

Briefly describe a conductor.

Briefly explain the difference between a
closed circuit and a short circuit.

Current flow can be direct or alternating.
All accessories used on automctive and
heavy duty vehicles operate on
current generally

referred to as

What does the term watt refer to and how
is it determined?

12]

3.
4.

15.

6.

17.

18,

19,

20.

21,

List the three types of electrical circuits.

Parallel circuits are most commonly used
in automotive and heavy duty vehirles,
Parallel circuits have:

(a} high resistance low amperage
{b) high resistance high amperage
(c} low resistance high amperage

{d} miecium resistance medium am-

Perage

The lines of force created around & bar
magnet is referred to as the

. The law of magnetism
states that —

What does a bar magnet and a wire con-
ducting electricity have in common?

An electromagnset is made by forming a
conductor into a coil and passing a
current of electricity through the coil.
What is needed to complete this basic
electromagnet?

A common term for expressing the
strength of an electromagnet found by
multiplying the current flow times the
number of turns in the coil is:

(a) flux turns

(b} current turns

(c) magnetic turns

(d) ampere turns

What i1s the term used to describe

voltage produced by a conductor cutting
across lines of force?

True or False? Currentis induced when
a conductor moves across & magnetic
field but not when the field moves across
the conductor.

Match the following test instruments with
the correct method of connecting them
Into & circuit;

connected in
series

(@) Ohmmeter (a)

connected in
parallel

connected to &
dead circuit

{b) Ammeter (b)

{c) voltmeter (¢}
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22. To avoid damaging test meters through
reverse polarity the test leads are color
coded for identification. The standard
combination is:

{a) red for negative, yellow for positive

{t) black for positive. green for
negative

{c) red for negative, black for positive
(d) red for positive. black for negative

What are the three factors that affect the
strength of the induced vollage created
by electremagnetic induction?

Two adjacent conductors carrying
currenl In lhe same direction will tend to
one another,

Two adlacent conductors carrying
current in the opposite direction wilf tend
fo one another.
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LEAD ACID STORAGE BATTERIES

A baltery stores energy for all the electrical
circuits in a vehicle — the starting, charging.
ignition, and accessory circuits. On demand
the battery produces a flow of direct current
to operate the electrical components in these
circuits. Battery current is produced by
chemicat reaction between the active
matenials of the plates and the sulfuric acid in
the battery fluid or electrolyte Electrolyte
consists of 36% sulfuric acid and 64% water,

BATTERY CONSTRUCTION

A battery is made up of a number of individual
cells in a hard rubber case, The basic ynits of
each cell are positive and negative plates
(Figure 8-39). Negatively charged plates have
a lead surface. gray in color; the positive
plates have a brown lead peroxide surface.
Both negative and positive plates are welded
together in separate groups. Plate grow0s are
interconnected. as shown below. N ! that
there is one more plate in the negative g. up
than in the positive, allowing negative plates
to form the two outsides when the groups are
interconnected,

Each plate in the interlaced plate group is
kept apart from its neighbor by porous
separators which allow a free flow of elec-
trolyte around the active plates. The complete
plate assembly is calted an element.

PLATE STRAP
CASTING

NEGATIVE
PLATE -]
GROUP

Elements in different cells are connecled in
series. The cells are separale from one
another and so there is no flow of electrolyte
between them.

Batteries have negative and positive posts or
terminals, The positive post is larger to help
prevent the battery from being connected in
reverse polarity. The positive terminal has a +
marked on i.s top. and the negative posta —.
Other possible identifying marks on or near
the Posts are a “pos” and a “neg”.

Conventional batteries have vent caps for
each cell; these caps cover access holes
through which the electrolyte level can be
checked and water added. The access holes
also provide a vent for the escape of gases
formed when the battery is charging. The new
so called maintenance-free batiteries have no
vent caps. The electrolyte, for all practical
purposes, is sealed in. There is however one
small vent hole to allow any internal pressure
to escape,

Courtesy of John Deere Lid.

(8-39) CONSTRUCTION OF A STORAGE BATTERY

"
-
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Each cell in 2 sforage battery has & potential
of about two volts. Six-volt batteries contzin
three cells connected in series, while 12-volt
battenies have six cells in series. For higher
voitages, combinations of batteries are con-
nected in seres. In Figure 8-40 two 12-volt
batteries are combined to give 24 volts

24 vOLTS
l+ - ¥ -
8 ma—— | -

[ 12 voLTS 12 VOLTS

(8-40)

Courtesy of John Deere Lid

Note that battenes of the same voltage can
produce different amounts of current. The
reason for this is that the amount of current a
battery can produce is dependent on the num-
per and size of its plates, The more plates
there a@re the more chemical reactions can
take place between the electrelyte and the
plates and, therefore, a greater amount of
current is produced. Thus. if two 12-volt bat-
teries have a different number of plates. the
one with the greater number will supply more
current.

BATTERY ELECTROLYTE

The electrolyte in a fully charged battery is a
concentrated solution of sulfuric acid in
water. It has a specific gravity of about 1.270
at 27°C, which means it weighs 1.270 times
more than water. The solution is about 36%
sulfuric acid {(H,SO,) and 64% water (H,0).

Battery Water

The purity of water for battery use has always
been a controversial subject It is a fact that
water with impurities hurts the life and per-
formance of a battery. The question is does
the impure water harm it in a significant
amount? The controversy can be simply
resolved by saying that you don’'t have to use
distilled water, but it is better for the battery if
you do.

BATTERY OPERATING CYCLES
A battery has two operating cycles:
— discharging cycle
— charging cycle

Discharging Cycle

When a battery is supplying current, it is
discharging. The chemical reactions in a
discharging battsry are as follows:

Posilive fieiss are made of lead peroxide
{PbO,). The lead {(PL) reccts with the sulphate
radical (S9.) in the eleciriyte (H,80,) to form
lead sulfeia (PhSG,). Al the same time the
oxygen (C.} in the lead i eraxide , sns with the
hydrogen (I} in the elec‘rolyte to form water
{H,0).

Negative Platec ure made of lead. This lead
also combines with the suifate radicals in the
electrolyte to form lead sulfate (PbSO,). These
reactions are illustrated in Figure 8-41.

EORRE ®

p

DISCHARGING
Counesy of John Deere Ltd

{8-41)

In the discharging process, then, lead
sulphate forms on both the positive and
negative plates making the two plates similar,
These sulphate deposits account for the loss
of celi voliage Because voltage depends on
the positive and negative plates being dif-
fereni, As the battery progressively
discharges more lead sulphate is formed at
the plates and more water is formed in the
electrolyte.

Note that although the SO, radical leaves the
electrolyte. it never leaves the battery.
Therefore, never add any additional sulfuric
acid (H,50,) to a battery. The extra SO, would
onty cause the battery to se.f discharge at a
higher than normal rate. Water is the only sub-
slam * in a battery that has to be replaced.

Charging Cycle

The chemical reactions that take place in the
baitery cell during the charging cycle are
essentially the reverse of those which occur
during the discharging cycle:

1. The sulphate radical leaves the plates and
goes back o the electrolyie replenishing
the strength of sulphuric acid.

124
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Oxygen from the water i the discharged
electrolyte joms with the Jead at the
positive plate to form lead peroxide. The
chemical reactions duving charging are
illustrated in Figure 8-42.

CHARGING

Courtesy of John Deere Ltd

THE BATTERY AND THE
CHARGING CIARCUIT

Baiteries operate in a charging circuit with a
generator or alternator. The battery supplies
current o ciwcwits and becomes discharged.
The generalor or allernator sends current to
the battery to recharge it. Operation of the
charging circuit vanes with the engine speed,
When the engineg is shut off. the battery alone
supphes current to the accessory circuits. At
low speeds. both the baitery and generator
may supply current. At higher speeds. the
generator may take over and supply enough
current to operate the accessones and also
recharge the battery.

TYPES OF BATTERIES
There are three types of batteries:

— dry-charged
- wet-charged
— mantenance-free

Dry-Charged Batteries

A dry-charged battery contains futly-charged
elements. but it contains no electrolyte. Once
activated with electrolyte it is essentizlly the
same as a wet-charged battery. A dry-charged
battery retans its full state of charge as long
as moisture is not allowed to enter the cells if
stored i a cool. dry place. this type of battery
wil not lose part of its charge on the shelf
prior to being used,

Activating Dry-Charged Batieries

The activation of a dry-charged battery is
usually done at the warehouse where the bat-
tery is purchased or in the field by a dealer. To
make sure the correct electrolyte is used and

the battery is properly activated, many
manufacturers fumish a packaged electrolyte
for their dry-charged batteries along with in-
structions for activation. These instruclions
must be carefully followed.

Wet-Charged Batteries

Wet-charged batteries contain fully-charged
elements and are filled with electrolyte at the
factory. A wet-charged battery will not main-
tain its state of charge during storage. and
must be recharged periodically. During
storage. even though a battery is not in use, a
slow reaction takes place between the elec-
trolyte and the plates causing the baltery to
lose its charge. This reacltion is called self-
discharge.

The rate at which self-discharge occurs varies
directly with the temperature of the elec-
trolyte. A fully charged battery stored ata tem-
perature of 38°C will be almost completely
discharged after a storage period of 90 days.
The same battery stored at 15°C will be onty
shightly discharged after 90 days.

Wet-charged batteries. therefore. should be
stored th the coolest place possible which
doesn't allow the electrolyte to freeze. Note
ihat a wet-battery which is kept fully charged
will not freeze unless the temperature goes
below —-60 'C. where as a discharged baitery
with a specific gravity of 1.100 will freeze at
-8'C.

Sulfated Wet-Charged Batteries

Wet-charged r..teries which are stored for
long periods of time without recharging may
be permanently damaged by the formation of
hard dense tead suifate crystals on the plates.
To prevent these crystals from forming. wet-
batteries in storage should be brought to full
charge every 30 days.

Comparison Of Wet and Dry-Charged
Batteries

In terms of storage. dry-charged batteres
have a big advantage over wet-charged bat-
teries because they require less manténance.
For this reason mosi parts supply places. have
stocked the dry-charged batteries. It now ap-
pears. however. that maintenance-free bat-
teries with their sealed-in electrolytes are
going to replace the conventional baiteries.
and so paris suppliers won't have a choice,
The mamtenance-free batteries. will have to
be mantained In storage hke the conventional
wet type.
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TEST INDICATOR

(TERMINAL LOCATIONS ARE
SHOWN IN FIGURE 5)

Maintenance-Free Batteries

In an effort to reduce battery maintenance.
and to make batteries more dependable and
tast longer, the ~maintenance-free” batltery
has been developed. Indications are that
these new battenes will mfke the con-
ventional battery obsolete. A maintenance-
free battery 1s similar n shape to a con
ventional batlery but it has no hiller caps. The
electrolyte 1s completely sealed i, Note the
terminals on the two mamtenance-iree bat-
tertes in Figure 8-43; one has stainless steel
threaded terminals and the other has sealed
terminals located on the side of |he battery.

Also note on these batteries the slate of
charge indicator. To date this wdicator is
found only on Delco batteries. The indicator is
a8 builtin hydrometer having a small green
ball thal floats when the gravity of the elec-
trolyte 1s 1.225 or higher. The indicator should
not be used as a quick and easy way of telling
if the battery is good or bad. charged or
discharged. It must be read according lo con-
ditions set down by the manufacturer

Characteristics Of Maintenance-Free
Batteries

1. Since the electrolyle 1s sealed n, the bat-
tery has a hfe time supply of it. Thus the

TEST TERIAINALS

INDICATOR

FINGER GRIP
HANDLES

e

Counesy ¢f Deico Dwisien of
General Motors Corporation

battery level doesn’l have to be checked
and probiems of over or und=rfilling the
cells are eliminaled.

Gases are produced during the discharge
and charging process The gases nise (o
the lop of the case, are trapped by lhe
hquid gas separator. cool and condense,
then drain back to the eleclrolyte reser-
voir. internal pressure that may occur 18
released through a small vent hole. the
flame amrestor vent. n the side of the
cover.

Maintenance-free batleries have plate
groups hke conventional battenies. but the
groups are constructed differently.
Another difference 18 that the plates are
enclosed  envelopes that act as the
separators and also collect sediment as
Ihe plates crumble with age (Figure 8-44).
The envelopes are bonded together and
permit the element to be placed on the
bottom of the case. In contrast. the
element 1 a conventional battery is raised
i the case to give room for sediment 10
collect and nol touch the plates. Having
the element rest on the boltom of the 1ank
allows considerably more electrolyte (o
cover the plates and thus baltery ef-
ficiency 1s 1improved
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STATE-OF-CHARGE INDICATOR I'
HEAT-SEALED COVERS

STAINLESS STEEL TERMINALS
FINGER GRIPS
LIQUID/GAS SEPARATOR
PLATE STRAPS AND TERMINALS
EXTRUSION-FUSION INTERCELL CONNECTION
EPOXY-ANCHORED PLATE ELEMENT
SEPARATOR ENVELOPE

ELEMENT ON FLAT CASE BOTTOM

Oaico Dmision of
General Motors CorDoration

(8-44)

CAPACITY RATINGS OF BATTERIES

As was mentioned earlier. the factors in-
fluencing battery capacity, i.e.. the amount of
current & batltery can produce, are the num-
ber. size and thickness of the plates and the
gquantity and strength of the electrolyte. New
capacity ratings for batteries were adopted in
1971 by the Society of Automotive Engineers
(SAE) and the Battery Council International.

Baiteries are given two ralings:

— cold power rating
— réserve capacily

Cold Power Rating

Cold power rating gives the amount of power
the battery has for starling on cold days: this
rating is Ihe number of amperes the battery at
=18 C {0 F.) can deliver over 30 seconds and
not fall below a voltage of 1.2 volis per cell,
the minimum voltage required for dependable
starting.

The cold power rating is the more important of
the two ratings because it deals with the bat-
teries main job. starting. Many low priced batw
teries can deliver only 200 amps: more power-
ful batienies will deliver 525 amps under the
same conditions The cold power rating of the
batiery should match the power requirements
of the engine it has to start lf an engine under
cold conditions required 400 amps lo start. ob-
viously the cheaper battery delivering only
200 amps would be inadequate.

127

Reserve Capacily

The reserve capacity rating gives .."e€ number
of minutes & new fully charged battery will
deliver 25 amperes at 27°C while maintaining
a voltage of 1.75 volts per cell. Since 25 amps
is the power drain required to keep ignition,
lights and other electrical accessories going.
what this rating indicates is how long the
vehicle will operate if the generalor or alter-
nator fails. In other words. if the charging
system of the machine breaks down, how
many minutes do you have to seek help?

VARIATION IN BATTERY EFFICIENCY
OR TERMINAL VOLTAGE

Battery vollage is not constant; & 12-volt pat-
tery does not deliver 12-volts at all times,
Three main factors affect the terminal voltage
of a battery:

— temperature

— operating
discharging)

— state of charge

cycle {charging or

Temperature

A battery produces current by chemical réac-
tions. by sulfuric acid acting on the pogitive
and negative plates. At lower temperatures
the chemicals don't react as fast and
therefore th# battery has a lower voltage. The
effect of temperature on terminal voltage is
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iustrated in Figure 8.45. At 27 C a battery is
100% ethicient; it has {ull cranking power. At
~39 C a battery 15 only 30% efficient. Since
the engine is harder 1o turn over in cold tem-
peratures, the net effect of temperature on
starting 1s that as it gets colder the battery be-
comes smaller while the engine becomes

Centigrade

HOW COLD WEATHER AFFECTS THE BATTERY
AND THE ENGINE WHEN STARTING

Courtesy ol John Deere L1d

Starting difficulies may occur during hot
weather after a machine has been worked and
the engne 1s hot Dithcult hot starts are more
common with large. high compression
engmes. An air conditioning unit is also a
contributing factor. The point here is that you
cannol use a lower capactty battery when a
machine i working in a warm climate. The
same size battery as the machine would have
in a cold chmate must be used,

Operating Cycle {Charging or Discharging)

When a battery 1s being charged. its terminat
voltage increases. the amount of increase
depends on the charging rate. Note that
regulators are required on charging systems
to control the voltage increase so that the bat-
tery 1s not overcharged. When a battery is
discharging. its terminal voltage decreases.
the amount of decrease depends on the
dischargmg rate.

State of Charge

The higher a battery's state of charge {(up to
maximum charge), the greater is its terminal
voltage.

POINTS ON BATTERY USE
AND REPLACEMENT

When replacing batteries, be sure to
replace the battery with one at least equal
in capacity to the original.

A larger battery than the original may be
needed it accessories such as an air con-
ditioning unit are added o the vehicle’s
electrical circuit.

A high-output generator may be needed in
cases where elactrical loads are ex-
cessive or where a vehicle operates
mostly at idle speeds. This high-output
generator will help keep the battery
charged and increase its service life.

The cheapest battery is not always the
best buy. For example, three batteries in
the same group size may vary in price. but
they also vary in cold power rating. incon-
struction and in warranty period. Divide
the price by the months of warranly and
you may find the most expensive batferies
are really the cheapest per monfh of ex-
pecled service,

A final word on replacing balteries: one
out of every four batteries returned for
warranty has nothing wrong with it except
that it is discharged. Be sure to check
whether a batiery can be recharged
before thinking about replacing it.

PREVENTIVE MAINTENANCE ON
BATTERIES

Visual Inspection

A battery should be visually inspected during
the daily-walk-around check. and also in-
spected at any time that scheduled main-
tenance 1s done on the battery. Puints to look
tor are:

1. Inspect the battery case for cracks and
leaks. A leaking battery should be
replaced. Before pulting in a new battery
wash down the battery box with a solution
of water and baking soda.
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2 inspect battory posts. clamps and cables
for breakage. loo3e connections.
COMfosion.

3. Mote whether the top oi the battery 1s
clean and dry. Dirl and electroiyte on top
of the baitsry causes excessive self-
discharge,

4. Nothing will damage a battery quicker
thar allowing it to jump around. Be sure
the battery carrier is solidly mounted and
in good condition and that the hold-down
firmly grips the battery. Also look for any
bolts protruding into the bottom of the bat-
tery box.

5. Inspect the battery for raised cell covers
or a warped case, either of which may in-
dicate the battery has been overheated or
overcharged.

Any problems found during the battery in-
spection should be adended to immediately, If
a battery case is damaged and leaks, the bat-
tery will have to be repilaced. Before installing
a new one, thoroughly wash the battery box
with a solution of baking soda and water. This
will neutralize any acid that has {eaked from
the battery. Similarly. corroded battery cables
should be removed from the battery and
washed ia a baking soda solution. when
reconnected they should be coated with an
anti-corrosive agent such as a spray or a
small amount of grease. Hold-downs that are
loose or missing must be repaired. Also watch
for bolts protruding in the bottom of the bat-
tery box. Piacing a thin sheet of plywood un-
der the battery is always a good idea.

DIRT ON TOP OF BATTERY

CORROSION

PLUGGED VENTS

LOOSE CABLE
OR POST

LOW WATER LEVEL

(8-46)
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Checking and Adding Water

(This information wilt of course not apply to
new maintenance-frae batteries.)

Of the four chemicals in a convantional bat-
tery — lead, lead peroxide. sulphuric acid and
water — water is the one that has to be
replenished. The usual recommended interval
for checking a battery is every 30 hours of
operation or 1000 miles. During warm
weather, checks may be required more often.
Evidence of large amounts of condensation
on the top of the battery and low electrolyte
level can indicate an overcharging condition.
if this problem continues to occur, have the
charging system checked.

Fill the battery with clean water, preferably
distilled water. In any case, avoid using water
that has a high mineral content as the mineral
will ultimately shorten the life of the battery.
Fill only to the bottom of the fill hole: any
higher will cause unnecessary spiflage. Avoid
spilling water on the battery top and use a
paper towel to dry the top when completed.
Figure 8-47 shows two types of battery fillers.

(8-47}
SYRINGE

AUTOMATIC FILLER

(8-47)

A
-,

Removing, Cleaning and Installing Batteries

When removing a battery ¢r batteries, follow
these recommendations:

1. If multiple batteries are used, make a
diagram of the circuit so that you can
correctly reconnect the batteries,

Disconnect the ground cable first, using a
box wrench to loosen the temminal bolts.
Use a terminal puller to remove the
cables; do not hammer on the batiery
posts When installing the battery, con-
nect the ground strap last. A terminal
puller is shown in Figure 8-48.

C’-’:w

TERMINAL PULLER
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3. Remove the battery hold-downs and
carefully lift the battery out, The mett od of
lifting wilt depend on the location and size
of the battery. For conventional batteries
with lead posts, a carrying strap (Figure 8-
49) 15 th: safest method.

STRAP CARRIER
(8-49)

Whatever the method of lifting out the bati-
tery, be careful not to drop it because the
case easily cracks. Try to keep the battery
clear of your clothing since battery acid
eats through cloth.

4, Ciean the battery with a solution of water
and baking soda. then dry it. Clean the
terminals with a terminal brush or scrape
them with a knife or screwdriver. Clean
the cables in a similar fashion.

5. When installing the battery, use caution
not to over tighten the hold-down as it
could crack the case. It is a good practice
to protect the bottom of the case with a
thin piece of plywood.

6. Make sure that the cables sit down on the
posts (Figure 8-50). Coat the cables with
an anti-corrosive agent such as grease or
vaseline. Anti-corrosive sorays are also
avallable,

INCORRECT CORRECT

FTERMINAL
CLAMP

POST |- ll ‘
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BATTERY QUESTIONS

The current a battery will produce
depends upon chemical reactions within
the battery between the sulphuric acid
and both the sponge lead In the negative
plate, and the:

{a) lead suiphate in the positive plate

(b) lead acid compound in the positive
plate

(c) lead peroxide in the positive plate
(d} lead zinc in the positive plate

Basically what does the element in a bat-
tery cell consist of?

When does this battery element become
a cell?

Each cell of a lead-acid battery is
capable of producing approximately how
much voltage?

{a) 3 volts
(b} 1 volt
{c) 2.6 volts
(d) 2 volts

True or Faise? The positive post of a
baitery is the larger of the two.

The electrolyte in a fully charged battery
has a specific gravity at 80°F. of ap-
proximately:

(a) 1.380

(b} 1.160

{c} 1.250

{d 1.270

True or False? When a battery be-
comes discharged the two plates be-

come chemically similar thus accounting
for the loss in cell voltage.

When a battery is discharged the efec-
trolyte has an increased percentage of.
{a} sulphur

{b} sulphuric acid

{c) water

(d} hydrogen

Briefly state the advantage of a dry-
charged battery over a wet-charged one.

Is a maintenance-free battery dry or wet-
charged?

11.

What provision is made within a main-
tenance-free battery to permit the
elements {o be placed on the bottom of
the case?

What claims are made of maintenance-
frae batteries?

What three factors affect battenes’ ter-
minal voltage?

What are the two ratings given to bat-
teries and briefly explain each.

Teue or False? At lower temperaiures
battery chemicals react faster and
therefore the battery has higher voltage.

When selecting a batlery. the cold power
rating should match

The presence of dirt and electroivte on
top of the battery causes excessive

rm—

T neutralize spilled battery electrolyte
(a necessary safety precaution} a
m2chanic should keep on hand a quan-
tity of:

(a) distilled water

(b} baking soda

{c} sulphuric acid

(d) vaseline

Of the four essential chemicals in a lead-
acid battery which one has to be
replenished occasionally?

{a) lead

(b} lead peroxide

{c) sulphuric acid

(d) water

When removing a batte ¥ you should
first:

(a) disconnect the insulated terminal
cable
(b} loosen the battery hold-down

(c) disconnect the grounded terminal
cable

(d} drain the electrolyte
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21. A good practice to prevent ¢corrosion and
bad connections when reinstalling bat-
tery cables is to:

{a) make sure they are clean and dry

(b) make sure they are properly
tightened

{c) coat them with grease or vaseline
{(d) all of the above are necessary
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BATTERY TESTING

A bauery must supply a flow of current and
maintain a voltage Tests can be carried out
that will tell of a battery 1s doing its job The
tests for conventional batteries and the tests
for mainienance-free batteries will be
discussed separately. Four tests are used on
conventional batienes:

Hydrometer — for specific gravity.

Load tester — capacity test.

1.
2,
3. Light load test — individual cell voltage.
4

Three minute fast charge test,

The state of the battery must be considered
when deciding what test to use. Questions
such as these would be asked: was water ad-
ded before testing? |s the battery charge par-
tially down or 1s it completely dead” Not all of
these tests are required to fully test a batery.
Usually two tests will give a fair indication of
the battery’s condition.

Hydrometer Test

A battery hydrometer (Figure 8-51) works on a
principle similar to the antifreeze-testing
hydrometer discussed earlie;. Electrolyte is
drawri into the hydrometer's sight glass and
the float in the gtass rises to a level of specific
gravity. This ievel indicates the strength of the
battery's charge. Good hydrometers have a
thermometer built into them to give a tem-
perature correcting factor. Battery
hydrometers, it shouid be pointed out, will not
be used on the new man:~~=2nce-free bat-
teries because the elecholyte in these bal-
teries is sealed in.

SQUEEZE BULB

GLASS TUBE  BASE pick.up

THEAMOMETER

(8-51) HYDROMETER
Courtesy of John Deare Lid

Hydrometers are the most common battery
tester found in shops. Although a hydrometer
can gwve a fairly good indication of a battery’s
condition, the, are not foolproof. For exampte,
a battery could have a poor internal con-
nection between the cells making it unable to

produce a high current flow. Yet when tested
with a hydrometer the battery could give a
qood specific gravity reading. Hydrometer
readings on old batteries can also be decep-
tive, The old battery could maintain an even
specific gravity reading, say 1.235, but it may
not be able to produce an adequate amount of
current.

Below are the procedures for making a
specific gravity reading on a battery with a
hydrometer.

Caution: Always have a paper towel handy
to hold over the end of the
hydrometer when it is lifted from
the cell. A paper towel is better
than a rag because the towel will
be discarded whereas the rag is
likely to be left around or put into
an overall pocket and the acid will
quickly eat the cloth. Be very
carefut not to spatter acid on your
skin or worse still to get it in your
eyes. {f acid contacts the skin,
rinse the contacted area with run-
ning water for 10 to 15 minutes, If
acid splashes into the eyes. force
the lids open and flood the eyes
with running water for 10 to 15
minutes. Then see a doctor at
once. Don't use any medication or
eye drops unless prescribed by a
doctor.

Specific Gravity Test:
6 and 12 Vol Batteri~s

Note: If water has been recentily added to a
battery, a hydrometer will not give an
accurate reading of the battery’s state
of charge.

Using a hydrometer, remove enough elec-
trolyte from one cell to allow the float to
move freely without touching the top or
bottom. Hotd the hydrometer vertically to
prevent the float from touching the sides
of the barrel.

With your eye level with the float take the
float reading and record it.

Mote the electrolyte temperature:

If |he battery temperature is not at 27°C,
add 4 points (004) soecific gravtiy to the
float reading for each 5" above 27°C, or
subtract 4 points (004) speciic gravity
from the float reading for each 5 below
27". Most good hydrometers have a tem-
perature corrected scale,
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Repeat the above test on all remaining 6. Determine the battery's state of charge by
cells, locating its specific gravity on the Per-

TNCT : centage of Charge below.
Note the amount of variation in the cell's ge o ge Table belo

specific gravities.

Unless otherwise jspgcufied.l all cell Percentage of Charge Table
readings should be within 30 points (030). Fully charged specific gravily varies in dif-

If cell variation exceeds this amount, an : h
. oo IS § ferent types of batteries. Typical values
unsatisfactory condition is indicated. Fur are given below:

ther tests should be performed.

Standard Specific Specific Gravity in Specific Gravity as
State of Grawity as Used in Cells Built with Used in
Charge Temperate Climates  Extra Water Capacity Tropical Climates

Fully charged 1.280 1.260 1.225
75% charged 1.250 1,230 1195
5% charged 1.220 1.200 1,165
25% charged 1.190 1.170 1.135
Discharged 1.130 1.110 1.075

)

LI T

——TEMPERATURE
CORRECTED
SCALE

(8-52)

TEMPERATURE — CORRECTED HYDROMETER
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Load Tester

A load tester gives the truest piCture of a bal-
tery’s condinon. It the specific gravity is 1.225
or better. a load lest (capacily test) can be
done on the battery. If. however. the speciiic
gravity is less than 1.225, then a hght load tesl
(a test of the individual cells) will have to be
used. Also. if water had to be added to the
cells at the time of testing. use the light |oad
{est since you can't take the specific gravity
and know that it is 1.225 or better, Figure 8-53
shows a lypical batiery |oad lester or battery
starter tester

i
|
|

I LvOLTMETER

AMMETER

VOLTAGE
SELECTOR
SWITCH

AMMETER LEADS VOLTMETER LEADS

LOAD CONTROL
KNOB

Courtesy of Sun Electnc Corporation
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Typical Load Test Procedures

t.

Connect the tester's ammeter and volti-
meter leads as shown in Figure 8-54A,

BASIC ELECTRICITY

Turn Contro! Knob clockwise until the Am-
meter reading is exactly three times the
Ampere Hour Rating of tha battery. (Exam-
ple: 180 Amperes for a 6u AH battery.}

Maintain the load for t5 seconds. note the
voltmeter reading. and then turn the Con-
trol Knob back to OFF position.

If the voltmeter reading was within the
green band. 9.6 volts for a t2 volt battery,
or 4.8 volts for a 6 volt battery, or was
higher, the battery has good oulput
capacily. Although the battery may pass
the load test it may still require some
charging to brnng it up to peak per-
formance.

Note: 'When cold., a battery has a lower
discharge capacity. If a cold bat-
tery fails to pass the capacity test,
let it stand until the battery tem-
perature reaches 27°C, and then

Counesy of Sun Elecine CorPoration

Light Load Or Indlvidual Cell
Voltage Test

A light load test is used rather than a load test
if the specific gravity of the electrolyte is less
than 1.225. This test is done with what are
called battery cell probes which are attached
to the load tester voltmeter leads (Figure 8-
548) with the voltmeter set on the 4 volt scale,
the voltage of each cell is tested and if a
variance of more than .1 volt between in-
dividual cells is found. the battery should be
replaced. See the load tester instruction
manual for light load testing procedures.

retest it
r_

LEAD

PROBE

(8-548,

Counesy of Sun Elecine CorPoration
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Three Minute Fast Charge Test

The three minule fast charge test is done on a
very low or dead battery {one that has failed
lhe load test} and indicates whether the bat-
lery will accept a charge. The three minute
lest can be done with equipment found in
most shops today — a fast charger and an ac-
curate voltmeter.

Note Ihat performing the three minute test on
a battery that has nearly a full charge will give
an inaccurate reading. Below are a voltmeter
and a charger connected to a battery for a
three minute fast charge test.

Typical Procedures For A Three Minute Fast
Charge

1. Connect the voltmeter and the charger as
shown below.

Adjust the charging switch to obtain a
charge rate as close as possible to 40
amps. for a 12 volt battery, or 75 amps. for
a 6 volt batlery.

After three minutes, while the charger is
still operating on fast charge. observe the
voltmeter reading. If the reading is beyond
the green band or exceeds 15.5 volts on a
12 volt battery of 7.75 volts on a 6 volt bat-
tery, the battery is sulphated or worn-oul
and should be replaced.

(8-55}) Caurtesy of Sun Etectnc Corporation
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SUMMARY OF TESTING
CONVENTIONAL BATTERIES

Take the specific gravity reading and note
the result. No more than .030 points be-
tween cells 1S acceptable.

tf 1.225 or better. do a Capacity or Load
test. At the end of 15 seconds. the voltage
should not be less than 9.6 volts for a 12
volt battery or 4.8 volts for a 6 volt battery,

If the battery passes these two teslts, it s
considered to be satisfactory for service.
if a battery fauls the load test, do a three
minute fast charge on it to see if it will
take a charge

If the specific gravity 1s less than 1.225
and there is not more than .030 volts be-
tween cells, perform a light load test. If
there 1S a vanation of more than .1 volis
between celis, the battery is defeclive.

If the electrolyte is too low for a reading
and waler 1s added to the ¢ells, perform a
light l1oad test.

If the battery is really low or dead, perform
a three minute fast charge test on it. If the
voltage does not exceed the maximum
limit {see fast charge instruction manual).
do a light load test to finalize the
diagnosis. 1f the voltage exceeds the
maximum limit in three minutes, it usually
indicates that the battery is sulphated or
old.
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TESTING MAINTENANCE-FREE BATTERIES

Since the elecirolyte is sealed into main-
tenance-free batleries, obviously a specific
gravity test or a light load test can't be used. A
load test. therefore, is the test used on main-
tenance-free batieries. Below are testing
procedures recommended by Delco for their
maintenance-free batteries,

Step 2: Remove Surface Charge

Connect 300-ampere joad across terminals for
15 seconds to remove surface charge from the
baltery. If mamnienance-free battery s n
vehicle, connect to terminals. If gut of vehicle,
attach load clamps |0 adapter charging tool
as shown (Figure 8-87). For Delco 1200,
remove cables. attach load alligator clamps to

contact lead pad as shown (Figure 8-8).
INSULATOR STRAP

PREVENTS TOOL SEPARATION
AND LOSS WHEN NOT IN USE

Step 1: Test Indicator (Figure 8-86)

1. Green Dot Visible

Proceed to Step 3. Note: On rare oc-
casions. afler prolonged cranking. the
green dot may still be visible. Should |his
occur. charge baitery as described in
“Battery Charging Procedures” section,
then proceed to Step 2.

Dark — Green Dot Not Visible

Charge the battery as outlined under "Bat-
tery Charging Procedures” section and
proceed to Step 2.

On rare occasions. the test indicator may turn
light yeltew. tn this instance the battery
should not be tested. Replace the battery.

ADAPTER CHARGING
TOOL ATTACHED
TO TERMINALS

Courtesy of Delco Dmision of
General Motors Corporation

BATTERY CHARGE UNKNOWN,
FLUID LEVEL LOW:

BATTERY TOP

(8-57)

BATTERY CHARGE
OK, FLUID LEVEL OK:

BATTERY TOP

BATTERY CHARGE *
LOW, FLUID LEVEL OK:

BATTERY TOP

)

iINDICATOR, NO GREEN DOT
e e "

DO NOT JUMP START,
TEST OR CHARGE

Courtesy of Delco Dwision
ol General Molors CorPorahion

! N

e

e
b

Darkened Indicator .
Darkened Indicator
WITH GREEN DOT NO GREEN DOT

M

CAN BE JUMP STARTED, (8-56)
TESTED OR CHARGED

*CHARGE MAY STILL BE SUFFICIENT TO START VEHICLE
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EX NUT ALLIGATOR CLAMSS N
H ALLIGATOR CLAMPS LEAD PAD HEX NUT
LEAD PAD (8-58)

ALLIGATOR CLAMPS CONTACTING LEAD PAD FOR TESTING AND CHARGING DELCOQ 1200 BATTERY

Counesy of Delco Division of
General Motors Corporation

Step 3: Load Test

1 Connect voiimeter and specified load across terminals.

MODEL LOAD® MODEL LOAD
49-5 210 Amperes 85.4 130 Amperes
55-5 180 Amperes 85.5 170 Amperes
59.5 210 Amperes 87-5 210 Amperes
71-5 230 Amperes 89-5 230 Amperes
81-5 230 Amperes 1200 235 Amperes

* See “Charging and Testing Adapters” secuion

Read voltage after 15 seconds with load connected. then disconnecl load.
3. if mimimum voltage is 9.6« » or more. baltery is good.

4. If mumimum voltage 18 less than 9.5x » | replace battery.
* % This voltage 15 10 be used for battery ambient temperatures of 70 F and above For iem-
peratures below 70 F, use lhe following:
{21 C)

70F & (16 Q) (10°C) 4°C) {(=1C) (=7C) (-12C) -18°C}
Above 60 F 50 F 0F 30°F 20F 10°F 0°F

Mimimum Voltage
96 95 9.4 9.3 2.1 8.9 8.7 85
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QUESTIONS — BATTERY TESTING

The chemical energy within a battery can
be delermined by the use of:

(a} a hydrometer
{b) a voltmeter
{c} an ammeter
{d}) an ohmmeter

When testing the specific gravity of a
battery. the allowable variation between
cells should not exceed

(a) .060
b) 010
c) .300
(d} 030

A typical load or capacily test of a 12-volt
battery requires that 180 ampere load be
apphed for 15 seconds and that the
voltage must not fall below:

{a) 69 volts

) 9.6 volts

(c) 11.1 volis

(d) 86 volis

When doing a hght Joad or individual cell

voltage test. the allowable voliage dif-
ference between cells should not ex-

ceed:

{a} 1 volt
b} 5 volts
{c) 01 volt

d} .25 volts

True or False? A three minute fast
charge must only be done on a low or
dead battery and tells whether of not the
battery will accept a charge.

What 15 the recommended lest for main-
tenance-free batteries?

142
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CHARGING BATTERIES

While an engine is running. the batlery is
charged by the generator. Eventually,
however, the battery charge wears down and
it not attended to it won't have enough power
to start the engine. When a battery's state of
charge 1s low, it should be recharged. The
recharging can be dor.e while the ba: zry i5 in
the vehicle or it can be taken out.

There are a npumber of different battery
chargers, but they can be classified under two
general types’

Constant Current Chargers

A constant current charger does just what its
name tmphes, supplies a constant or set
amount of current to the battery. The recom-
mended chargming rate is 1 amp per positive
batiery plate per cell; .9.. if 2 battery has five
positive plates per cell, it should be charged
at 5 amps. Most batteries that are slow
charged with & constant current charger will
take five to six amps

Constant Voltaga Chargers

A constant voltage charger supplhes the bal-
tery with a constant voltage during the
charging penod, for example, 15 volts for a 12-
volt battery. Thus charger will charge the bal-
tery at a fairly mgh amperage when the bat-
tery 1s low. and then as the battery builds up
charge the amperage tapers off, almost to
nothing as the battery becomes fully charged

Constant current are much more common
than constant voltage chargers.

Chargers can be either (1) slow charges. (2)
fast charger or (3} trickle chargers. or they
can be a comb:nation of these.

Slow chargers are used to completely
recharge a dead battery. they can take up to
48 hours. Fast chargers are ysed for a quick
boost (from 1/4 hour to 1 hour) and won t do
as complete a job as slow chargers. Some
chargers have the dyal capacity {o provide
either a fast or slow charge.

Trickle chargers are used lo keep a battery
up to full charge. they are especially good for
battenies that are hittle used or for wet charged
batienes being stored

CHARGING CONVENTIONAL BATTERIES

Time is usually the main factor when deciding
whether to fast charge or slow charge a bat-
tery. Obviously. 1It's better to slow charge a
battery because you get a moie thorough
charging job {fast charging takes place only
on the surface of the plates). However, you
don’t always have the time (24 to 48 hours) {o
do a slow charge. and in such cases fast
charges have to be done.

Slow Chargers

Constant Current Chargers

A slow charger can be either constant current
or constant voltage (constant current.
however, 1S most common). The constant
current charger in Figure 8.59 is charging
three 12-volt batteries connected in series.

CONSTANT CURRENT SLOW CHARGER
Courtesy of John Deere Ltd

Chargers have printed on them tne maxsmum
number of battenes that they can charge, e.g.,
five 12-volt battenes (total 80 volts) and ten 6-
volt batteries {total 60 volts).

The example shown would have the voltage
control set at 36 volts (3 x 12), and the charge
rate control set at approximately one amp per
positive plate per cell, usualily five to six amps.
when there are a number of batteries of dif-
ferent sizes on the charger, average out the
charge rate. On some of the new chargers,
you don't have to bother counting or
averaging out the positive platas. These
chargers have a yellow, green and red band
on the charge rate indicator and recommend
the control be set to stay in the green range.
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To connect a constant current charger start
with the black lead (negalive) from the
charger and conneclt it to the negative post of
the first baltery Then take the red positive
lead from the charger and connect it to the
positive post of the last battery. Now using
good jumpers, connect the batteries, positive
fo negative to complele the series ciwrcuit.

Recheck all the connections by turning the
connectors slightly on the posts. Finally turn
the charger on and adjust it to the correct
charge rale.

The state of charge of a battery being
charged should be checked with a
hydrometer twice a day if possible. The total
charging bme wil. vary depending on the
strength of the charge to begin with, but at the
end of 48 hours balteries should be fully
charged |f a battery becomes fully charged
(i e . its specific gravity 1s 1.275 or over) before
48 hours is up. remove it

Constant Potential (Voltage) Chargers

Constant potential chargers are connected to
batteries in parallel as shown in Figure 8-60.
The maximum number of batteries a charger
can handle will be marked on the charger.

T
777
ENEEEN NN
(]
Frrrrrrrini

)
1]

NENNERNN

HEEEEEN

Courtesy of John Deere Lid

The voltage control 15 set al a specified
voltage. e.g., 15 volts for a 12-volt battery. The
charge rate is automatically sensed by the
charger: the rate will be high when the
discharged baltery is first connected to the
charger and will gradually taper ¢ if as the bat-
tery becomes fully charged.

When connecting up batteries in paraliel to a
constant voltage charger. start with the black
lead (negative) and connect it to the negative

(-} post of the first battery. Then take the red
lead (positive) from the charger and connect 1t
to the positive { +) post of the first battery. Now
using guod jumper cables connect up the bat-
tery's negative lo negative and positive to
positive.

As with a conslant current charger. check the
specific gravilies of the charging batteries
twice a day and remove the batteries when
they are fully charged.

Fast Chargors

Fast chargers will give a battery a high
charge rate for a short penod of time, usually
no more than an hoyr. They are portable
(Figure 8-61) in contrasi to slow chargers thal
are usually mounted on a wall or sit in the
same position on a bench. Portable fast-
chargers can charge a baltery while it 1s in
the vehicle. Generally, only one baltery at a
time is charged on a fast charger. Note thal
many modern fast chargers have a capacity to
slow charge a battery as well.
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Courtesy ol John Deere Lid
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POINTS TO WATCH FOR WHEN
FAST CHARGING

Whenever a battery is charged,
especially fast charged. never allow the
electrolyte to exceed 51 C (125 F).
QOverheating. in effect overcharging. can
drastically shorten the life of a battery.
The temperature on conventional bat-
teries can be taken with the hydrometer
thermometer. The rubber case of main-
lenance-free battéries will be hot to the
touch when the electrolyte reaches 51 C.

Watch the color of the electrolyle when
fast charging batteries. As a battery ages
the electrolyte will become discolored by
sediment. Dunng a fast charge the
sediment is stirred up and could get trap-
ped between the plates. causing a short,
If such a short occurs lower the charge
rate.

SUMMARY OF GOOD PRACTICES
WHEN CHARGING BATTERIES

Before connecting conventional bat-
teries to a charger make sure:

(a) the battery tops are clean

{b) the electrolyte is up to the correct
level

{c} the caps are loosened or removed to
allow the gases formed durning
charging to escape.

All chargers. slow or fast, need 110 volts
allernating current supply.

Always make sure a charger is turned off
when connecting it to a battery. Also
when charging a battery while it is in the
vehicle. turn off all electrnical ac-
CeSSoneEs,

Disconnect the battery cable before fast
charging the battery in the machine. This
15 especially important with AC charging
systems where the alternator can be
damaged.

When coanectmg anv charger observe
the correct polarity — negative to
negative and positive tc positive. Most
chargers today are polanty protected.

Make sure connections are salid before
turning on the cha:ger.

7. Charger settings:

Voltages:

(a) on a constant slow charger set the
voltage to match the number of volts
in the batteries you are charging.

{b) on a constant potential chargér set
the voltage for a 12-volt or G-volt
batterylies).

{c) on afast charger set the voltage for
a 12-volt or 6-volt battery,

Amperage:

(a) on constant current slow charger
set amperage to one amp per
positive plate per cell {usually five
to six amps); or 1f the charger has a
color indicator set it in the green
band.

(b) on a constant potential charger
there is no current setting.

(c) on afast charger set the amperage
to either a high or low setting.

Charging Time:

{a) When stow charging a battery do a
specific gravity check twice a day to
see if the battery is fully charged.
Do not go on charging a fully
charged battery.

{b) Set the fast charge time 1/4 hour {0
1 hour. Watch that the battery does
not overheat,

Always turn the charger off before
disconnecting it to prevent any sparks
from accidentally igniting explosive
hydrogen gases given off during
charging.
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(8-62) —Sparks or flames near a hatie? that is being charged may Ignlte explosive
gases causing a dangerous explosion.

Courtesy of Delco Division of
General Motors Corporation

10. Never charge a battery in a place where
there maybe any chance of sparks. e.g..
in any area where welding or grinding is
done (Figure 8-62).

11. Check with the hydrometer thermomater
to see that the electrolyte does not ex-
ceed 51°C. On maintenance-free bat-
teries touch the battery case 1o see that
it is not hot.

12. Recheck the electrolyte level on com-
pietion of the charge.
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CHARGING MAINTENANCE-FREE
BATTERIES

Maintenance-free batleries are charged with
conventional battery c¢harging equipment.
One manufacturer's recommendations for
charging their maintenance-free batieries are
given n Figure 8-63. Note the difference in
charging times compared with conventional
battenes the slow charging rate for main-
tenance-free batlenes is less than that for
conventional batlenes. and vice versa the fast
charging rate 1s longer.

12 VOLT MAINTENANCE-FREE BATTERY CHARGING GUIDE (Delco)
DO NOT CHARGE A BATTERY IF THE GREEN DOT IS vISIBLE

NOTE On rare occasions following prolonged cranking. the green dot may sull be
visible Should this occur. a boc  ~harge of 20 ampere-hours 18 recom-
mended

DO NOT CHARGE A BATTERY IF THE TRST INDICATOR 1S LIGHT YELLOW,.
DISREGARD IT

(Stop charging when the greéen dot zppears of
when the maximum charge shown below 18 reached)

Constant Current
Battery Model Slow Charging Rate Fast Charging Rate

55.5, 85.4. 855 5A 7 10 Hours 208 @ 2% Hours
10A @& 5 Hours 30A @ 1% Hours

49-5: 58-5 5A & 15 Hours 20A 4 3% Hours
71-5. 81-5 @ 7% Hours 30A & 2'% Hours
87-5. 89.5: 1200 408 4 2 kours
50A @ 1% Hours

To avoid DAMAGE. the charging rate must be reduced or temporanly halted of
I The battery case feels hot (51 C}.
2 violent gassing or spewing of electrolyte occurs.

After charging n accordance with the tables. even though the green dol does no!
appear. the battery 18 shll sufficiently charged for tesling.

(8-63) Co.nesy of Delco Dmsion of
Grae(al MO1ors Corporation
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JUMPER CABLES

When a charger is not available. a common
practice to start a vehicle with a dead battery
15 %0 use jumper cables and a battery pack.

Good Practices When Jumping

1 Belore connéecting jumpeér cables be sure
all tne electrical accessories. hghts. radio.
wipers, etc. are off.

QObserve voltage when jumping. Jump a 6-
volt battery with a 6-volt battery. not a 12-
volt as arcing (2leclricily Jumping across
a gap) could occur. bringing with it the
danger of fire.

QObserve polarily when jumping. Conneclt
the jumper cables negative to negative
and positive to positive (since you are just
replacing the existing power source).
Connect the cables in this order:

(a} connect one cable ctamp to the
positive terminal of the dead battery
and ihen connect the otherend to the
positive terminat of the booster bat-

tery.

(b} connect the second clamp to the
negative terminal of ihe dead batlery

and then connect the other end to the
negative terminai of the booster bat-
tery. Wrong poarity will cause arc-
:ng.

When removing the cables be sure to
ke2ep the clamps separated until they are
disconnected from the source. if they get
{00 close arcing could occur

Never use a fast cnarger as a boosier to
start an engine.

Maintenance-free batteries have jumping
procedures tnat can differ from jJumping a
convention2! battery. Check the marulac-
turer's recommendations.

Use the shortest cables passible because
the longer thc cables the more the voltage
drogs.

Maintain good cltamps on the jumpars lo
ensure the best passible connection with
a minimum voltage drop.
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QUESTIONS — BATTERY CHARGING

The recommended slow charging rate for
a batltery 15 gne amp per positive plate
per cell if you have a 15 plale 6-volt bat-
tery, i.e., 15 plales per cell. what would
be |he correct charge rale?

(a) 15 amps

(b) 7 amps
{c} 8 amps
(d) 45 amps

Which does a better job ol charging a
battery. a fast charger or a slow charger?
Brefly explan why

Wt.  slow charging batteries on a con-
stant current charger connecl the bal-
tenes m

{a) parallel

(b} senes

{c) senes or paraliel

What are the lwo important things (o
walch for when fast charging a battery?

Care must be taken while working near
battenes that are charging because a
spark could explode the
gases being gven olf from the chargmn
process

(a) nirogen

{b} hydrogen

{c) carbon dioxide

(d) hellum

True or False? Overcharging a batiery
doesn’t hurt 1t

When fast charging a ballery in a vehicle
with an AC charging system. it is a goad
practice to

{a) remove the fan bell

{b} keep the charge rate low

{c} disconnect a batlery cable

{d) disconnec! the voitage regulator
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Compared to a conventional ballery. a
maintenance-free battery when fast
charged requires

(a) a longer charge
{b) a shoner charge
{c} about the same
(d) a very low charge

A charger should be turned
before connecting it to a baltery.

True or False? When boosting with jum-
per cables doubling the voltage of the
boosted baliery is permissible provided
that the polarity is the same and the
cables are quickly removed after the
boost is given.
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BASIC STARTING CIRCUIT

A basic starting circuit has four parts (Figure
8-64):

The Battery supplies energy for the cir-
cuit.

The Starter Switch activates the circuit.

The Starting Motor Switch connects the
battery to the starter motor and in some
cases engages the motor drive with the
engine flywheel,

The Starting Motor drives the flywheel to

start the engine,

MOTOR SWITCH

ko

STARTER
SWITCH

— >

(8-64) BASIC STARTING CIRCUIT

STARTING

BATTERY I~1

FLYWHEEL
Courtesy ot John Deere L

The starting circuit converts battery electnical The current received by the solenoid moves
energy into starting motor mechanical energy the solenoid plunger and engages the pinion
to crank the engine. How 6o the four basic with the flywheel (Figure 8-66)

parts c! the starting circuit work together to

start a vehicte? When the starter key is turned KEY SWITCH
on by the operator. a smail amount of elec-
tncal energy flows from the battery to the
solenoid and back to the battery through the
ground circuit (Figure 8-65)

KE? SWITCH

SOLEHOID

STARTING HOTOR

(8-66)

Courtesy of Jonn Deere g

{B-65) Courtesy of Jonn Deere Lid
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The plunger also closes the swilch inside the
solenoid between the battery and starting
motor completing the circuit and allowing a
large amount of electnical energy to llow into
the starting motor The starting motor rotatexs
the pinilon whichin turn rotates the flywheel to
crank the engine (Figure 8-67).

LI E-5¢

(8-67) STARTING CIRCUIT IN OPESATION
3) STARTING MOTOR CRANKS ENGINE

Courlesy of Jonn Deere Lo

In the basic starling circuit above & solenoid
swiich was used. There are other types of
staring motor switches which will be
discussed later.

THE STARTING MOTOR

The starting motor cranks the engine. Per-
forming this heavy job requires a special type
of electrical motor that must;

1. Operate for short intervals under great
overload.

2. Produce very high horsepower for ils size.

To give the prinsiples ol a starting motor a
basic elextric motor is constructed beiow:
First starl with two pole pieces. The poles set
up a magnelic hield between them running in
a direction Irom north i south {Fic e 8-68).

POLE PIET™S

MAGHMETIC
FIELD

To increase the strength of 1he magnetic field
between the pole pieces, wrap a wire over the
poles and pass a current through it. This wire
1s called a field winding {Figi v 8-69).

FIELD WINDING

A 13vs Counesy of Jonn Deere Lid

Now take a loop of wire and pass & current

through it A circular magnetic field is lormad

around the wire. Note the direction ol the
electromagnetic held (Figure 8-70).

CURRENT
FROM
BATTERY

(8-70)

Countesy of Jonn Decre Lid
A Lve

MAGNETIC FIELO

Placs the loop of wire in the magnet:~ field be-
tween the pole pieces and pass & current
through the wire (Figure 8-71),

Courtesy of Jonn Decre Lid
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Recall from the earhier discussion on ejec-
tromagnetcism the Janciple that a8 current
carrying wire with its surrounding magnetic
field has a tendency to move from a strong to
a weak magnetic field Look at the field pat-
terns when |he loop cuts lhrough the
magnetic fieid (Figure 8-72)

(8- OIRECTION COF CURRENT

Lefthand side o! loop: The lines of force of
the loop run I & circular patlern, coun-
terclockwise The polar ines of forcerun in a
straight-line from north to south On lhe un-
derside of the 1oop. the loop lines of force run
the same way as the polar hines of force
creating a strong combined f{orce However.
on the top side of the loop. the loop hnes of
force run counter to or against the polar lines
of force. canceling each -other out and
creating a weak field

Now applying the principle that the wire will
move from a2 5trong (o a weak field. lhe loop s
pushed upwards

Righthand side of loop: The opposite ol the
lefthand side occurs by looking at the Tines of
lorce you can see that a strong feld s
created on top of the loop and a weak held
underneatht Th' s the loop gets a pull down-
wards

Since the loop s pushed upwards on the lelt-
nand side and pulled downwards on the rnghl-
nand side. st moves This loop represenls a
simple armature Note that if the direction of
Ihe current was changed in the loop. the loop
would move ¢ the opposite direction

So far the loop (armature) has moved But o
must do more than move, it musl rotate Here's
where the commutator and the brushes come
in (Figure 8-73) Attached o each end of the
loop s a split ing hall. These half nngs are
the commutator Resling against these rnge
are two blocks of copper compound called
brushes The brushes are connected |o lhe
battery

-

COMMUTATOR
SPLIT RINGS

¢
BATTERY

BRUSHES
(8-73)

Current comes from the battery to the brushes
via the field winding. The brush on the left-
hand side passes current to @ commutator half
ring and the current travels through the loop
out the other commutalor split ring. to the
other brush and back to the battery. As the
loop begins to move each brush slides on a
commulator half ring. When the loop reaches
the top of its circle. the brushes will slide from
one half ring to the other. Thus. the current
will always enter on the left side and exit on
the nght. and the loop will keep getting its
push upwards on the lefthand side and push
downwaras on the righthand side. The result:
the loop keeps rotating in the same direction.
{Note that this explains why the commutator
ring is sphi. rf 1t wasn't split the loop would
get pushed first one way and then the other.
and it wouldn't rotate)
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An actual starting motor will have not one. but
a number of loops. and each loop will be at-
tached to a section of the commutator ring
(Figure 8.74)

(8-74) ARMATURE FOR STARTING MOTOR
Courtesy of Jonn Deere Lid

In summary. a starting motor has pole pieces
and field windings. an armature. brushes and
commuiator. and a drnive shaft to carry the
rotary motion to the pimion and flywheel
(Figure 8-75)

{8-75) ARMATURE AND BRUSHES IN
STARTING MOTOR

Courtesy ol John Deere Lid

SWITCHES FOR STARTING MOTORS

Starting motors mus! be switched on o start
an engine. but must be immediately switched
off once the engine starts Four types of start-
ing motor switches are used

manual switch

magnetic swilch

s0lenoid switch

series-paraliel swiich

Manual Swilch

A manual swiich (Figure 8-76} s a simple
hand-operated device that opens Or ¢closes a
cucuit Everytime you flick a light switch i a
room Vou are Opefating a manual switch.

] ] =UY

71

HEAVY SWITCH

| 20

BATTERY

STARTING

t MOTOR
e e Y 1377

(8-76) A MANUAL SWITCH
Counesy of Jonn Decre Ltd

The manually operated starting switch may be
mounted where 1t 1s directly accessible to the
operator. or it may be mounied on the starting
motor and made accessible by varnous
dewvices such as a hand lever

Magnetic Switches

A review of electromagnetism 1s necessary o
undarstand a magnetic switch and a solennd
switch A current carrying coil. you remember.
nad o magnetc field

“he eleciromagnetic field 1S made stronger by
placing a soft 1ron core in the coil: the core
hus the same poianty as the coil If the core
hias freedom 0 move and 1S placed at one end
of tne coll. it will aIso assume the polanty of
the co:l (Figure 8-77)

prE—— . ;J‘,.s‘

i -
Ry L

(8-77)

Courtesy ol John Deere Lid
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Therefore. the adiacent poles of the core and STARTER CONTROL SWITCH
coill have opposite polanty. and lhe core will

be drawn wlo the cenier of the coil when

current flows through it As soon as the PLUNGER

current stops flowing Ihe field collapses and

the core 1S free 0 move away from the coil. ngn%uc
Trus movement ol ine core 1n and oyt of the \
coit 15 1pe pnnciple of operation of lhe

magnetic and solenoid swilches RETURN Spnnqe-i T 1)
The magnetic switch 15 mounted On lhe

starting motor frame ke some manual swit-
ches N s operated by a magnelic coll thal 1s CONTACT DISK TERMINAL
connected lo the batlery through a start con-

irol on lhe slarier swich

BENDIX DRIVE oL /
T STARTING MOTOR

l £ 1384 TC BATTERIES

STARTER SWITCH
»

4= OOQOQOOI (5.79) A TYPICAL MAGNETIC SW:TCH CIRGUIT

MAGHNETIC Courtesy of Jonn Deere Ltd
SWITCH

Solencid Switch

The solenoid swilch (Figure 8-80) i1s very
similar 10 a magnetic swilch. but w addilion to

- closing the circuit, lhe soienoid provides a
(8-78) MAGNETIC SWITCH CIRCUIT mechanical means of shifiing the slarling
Courtesy of Jonn Deere LId molor pinlon inlo mesh with the flywheel ning
gear.

X 1379 E—

The magnetic swilch works as follows: lhe RETURN SPRING
switch (Figure 8-79) has many turns of a small

wire wound around & holiow ccre. Floating in

the core is a plunger wilh one end acting as a

contact between lhe two main swilch ter-

minals. These lerminals are connecled in

series wilh the starling motor. Usually a small

sprning holds the plunger away from the main

terminal contacls.

When the circuil 10 the coil is closed, a strong
magnetic field is created in the core. causing
the plunger to overcome the spring tension
and complele the circuit between the terminai
contacts. When the core contacls lhe ler-
minals. the main circuil to the starting motor
s compleled and the engine is turned over.
When the engine slarts and Lthe conlrol circuil
1s opened at lhe starler switch. the magnelic
held collapses and \he spring forces lhe
plunger to ils onginal posilion. The slarling
motor cicuil 1s open and lhe starting motor
slops Wrnmg v 138}

{8-80) SOLEMCID SHIFT LEVER

Courtesy of Jonn Deere Lid
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The solenowd switch has two coils ol wire
wound n the same dwechion (Figure 8-81)
The pull-in winding 1s made up of heavy wire
connected to the motor terminal of the
solenoid and through the motor t0 ground
The hotg-in winding has an equal number of
turns of hne wire with one end conneécted to
the ground These coils are energized directly
from the battery through the start position on
the starter swilch

HOLD-IN PULL-IN
WINDING WINDING

CONTROL SwITCH

SOLENOID -»

BATTERY
- TERWINAL

PLUNSER

SHIFT LEVER

TERMINAL

jp JEp——
OVERRUNNING
CLUTCH %2 STARTING MOTOR

TD BATTERY

(8-81) SOLENOID CIRCUIT
Counesy of John Deere Lid

When the operator turns the starter switch.
current flows 10 the starter solenoid Since the
solenoid coils are wound in the same diréc-
tion. current flows in the same direction.
creating a strong magnelic field which pulls
the plunger nto the held (Figure 8-82).

KEY SwiTCH MAGHETIC FIELD

PLUNGER =
WINDINGS

(8-82) SOLENCID PLUNGER STARTING TO MOVE

AS STARTER SWITCH (S TURNED ON
Courtesy of John Deere Lid

The nital plunger movement engages the
drive pinion with the ilywheel nng gear. Fur-
ther movement of the plunger closes the
switch contact points within the solenoid, per-
mitting a heavy flow of current from the pat-
tery into the starting motor to crank the
engine Note that this heavy flow of current
does not enter the solenoid. When the points
within the solenoid close the heavy pull in
winding is shorted oul. Thus the only current
in the solenoid during the starting period is in
the fine hold-in winding.

When the engine begins to run and the starter
switch is reteased. several things happen
quickly Fust. current through the starter
switch to the solenoid is cut off. Then a strong
return Spring pushes out the solenoid plunger.
breaking the circuit from the battery to the
starting motor and simultaneously pulling the
piron out of mesh with the flywheel ring gear.

Searies Parallel Switch

Some heavy duly engines. especially diesels.
require a high voltage to start Cold weather
and other adverse starling conditions corr
tribute to the need for the tigh starting
voltage.

A high output starting motor on a 12-volt cir-
cuit is adequate to start some large engines.
QOther heavy duly engines. however. require
starting motors that will use two 12-voit bal-
tenes for a total of 24 volts. By using a 24-volt
battery supply. these high volt motors can
produce much greater starting speeds.

The problem with this gh voltage circuit 1s
that although the 24-volls is needed for starl-
ing. 12-volts is adequate for electrical ac-
cessones once the engine is going A series-
parallel switch solves this problem. When the
two balteries are needed tor starting. they are
connécled in series to deliver the 24-volts fo
the starting motor. Once the engine 1s started
the circuit is connected in parallel so that only
one batiery 15 used for normal electncal
operations
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(Figure 8-83} shows a series-parallel switch
for a 24-volt starting circuit.
REGULATOR {12.VOLT)

GENERATOR
A2 VOLT)

TO LIGHTS

AND ACCESSORIES
O
» EOAwMETER
12.vOLT \BOTH BATTERIES) 12.vOLT
BATTERY i STARTING §  CATTERY
1 i SWITCH 1
TR E
+ Ot : f O
1 H
1 r

SERIES PARALLEL

I TCH
FUSE
SOLENOID .
SHITCH
AMMETER 124 VOLT)
AT B )
/2 |
Y STARTING MOTOR (24-VOLT:

(8-83) SERIES-PARALLEL SWITCH FOR 24-vOLT
STARTING MOTOR OPERATION

Couriesy of Jonhn Deere Lig

Qperation duning starting 1s as follows

As the starting switch 1s closed. the solenod
coil within the senes-parallel switch s
energized creating a magnetic force which at-
trazts the senes-parallel switch plunger. The
plunger closes the two main switch terminals
and connects the two batteries 'n senes with
the starting motor

At the same time. the starting motor solenoid
arcult 15 completed by a set of points
mechanically ctosed by the seres-paratiel
switch plunger The battery-to-starting motor
circuit is completed and the starter turns over

After the engine 1s started and the starting
swiltch 15 released. ihe two batienes become
connected in parallel when the senies-parallel
switch goes into a neutral positton This cir-
cuit permits operation of the machine's elec-
tncal eguipment at a normal system voltage of
12-volts A more detailed description of the
series-parallel starter swilch and circuit will
be gwen in future traiming

o o e————— o i !

STARTING MOTOR DRIVES

After electrical power is lrar .milted from the
baitery through a swilch o the siarting motor.
some lype of connection 18 needed to put this
energy to work. The last hnk 1n the starting
circuit 18 the starting motor drive. The drive
makes it possible to use the mechanical
energy produced by the starting motor.

The starting motor armature revolves at a high
speed (0 produce turning power. Since the
turning speed required to stast an engine 13
comparatively slow. the starting motor is
equipped with a small dnve pinion which
meshes with the teeth of the flywheel ring
gear. The result 1s a gear reduction with lhe
armature revolving as muych as twenly times
for every revolutton of the flywheel. Thus the
starting motor can develop high armature
speeds and considerable power while turning
the engine over at a lower speed. When the
engine starts it speeds up immediately and
may soon reach 2000 RPM. Two thousand
RPM’s at the flywheel would mean twenty
times that much at the starting motor pinion
Such a ternfic speed would destroy the ar-
mature. and so a method 18 negcessary lo
demesh the ptnion from the fiywheel once the
engine starts. Starter drives. therefore muyst
have the capacity to both mesh and demesh
the pinion with the flywheel nng gear.

Types Of Starter Drives

There are many different starter drives, byt
they all can be classihed ynder two basic
types according to the way they are engaged

1 Inertia drive

2 Clutch dnve

fnertia Drives have a pimion gear that i1s
weighted on one side to aid 1n Meshing and
demeshing wilh the flywheel A Bendix drive
1s an example of an inerhia drive.

Clutch Drives are shifted into mesh by
solenoid switches Two examptes of ctulch
drives are Overrunming and Sprag clutch
drives Note that there 1 a direct relationship
between starter drives and starter switches
Inertia drives use straight magnetic switches.
while clulch drives yse solenoid swilches
which have a shiftng mechanism

156
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inertia Drives

Bendix Drive

The Bendix drive uses both the acceleration
of the armature and cenirnifugal force acling
on the counter weighted pinton to move the
pinon nto mesh with the flywheel Before the
1grihon swilcn 18 turned on. the Bendix drive
18 out of mesh with the flywheel rning gear
{Figure 8-84)

Li7..: ARMATURE SHAFT
ol . .

BENCIX DRIVE ENGAGING FLYWHEEL AS
ENGINE 1S CRANKED

Coueesy of Jonn Deere Lud

When the starting swilch is closed and the
ballery voltage 1s fed lo the motor. the ar-
mature shaft accelerates rapidly The pmnion
gear. due to cenlnfugal force acting on lhe
counter-weight, runs forward or the revolving
screw sleeve yntl it meets or meshes with the
fiywheel gear {(Figure 8-85).

. BINION

Ty

= ,
£y SPRING
';?,_i' 1388

{8-85) BENDIX DRIVE PINION FULLY MESHED
¢ ouetesy ol Jonn Deeree L

When the pwion becomes fully meshed. its
forward motion stops. locking Lhe pirion to
the rotating armature shaft The heavy spring
cushions the shock to the armature shafl, as
the shaft slarts to twrn the flywheel This
spring also acls as a cushion when cranking
the engine and when the engine backfires

When the engine starts. the flywheel rotates
faster than ‘'he armature shaft. causing the
pinion o urn ik the opposile direction on Lhe
screw and spin stself out of mesh (Figure 8-
86) Thus the engine s prevented from driving
the starting motor al an excessive speed.

(8-86) BENDIX DRIVE PINION SPINNING QUT
OF MESH AFTER ENGINE STARTS
LCourtesy ob Jonn Deeee LIG

When spun from the flywheel the centnfugal
effect of the weight on one side of the pinton.
holds the piruon to the sleeve m an In-
lermediale posilion until the starting switch 1
opened and the motor armature comes to rest.
As long as the operalor keeps the starling
motor switched on with the engine running.
the starting motor will free speed v the In-
termeaiale posihon This free speeding 1s not
good for lhe armalure and 15 the reason that
the starter switch should be released 1m-
mediately alter the engine has started

Certain precautions must be observed
operating a Bendix-type starting motor If the
engine backfires wilh the pimion meshed with
the engine fiywheel. and the slarting motor 1s
operating. a ternic stress s placed on the
parts The stress occurs because the motor
armalure allempts to spin the drive pinIon IR
one direchion whie the engine. having back-
fired. tums the dnve pimion In the opposite
dwection This clash of opposimg forces
sometimes breaks or wraps up lhe Bendix
spring

Engne 1grit on iming should be checked and
correcied to overcome backfinng
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Anolher pioblem wilh a Bendix dnive can oc-
cur dunng repeated altempls lo slart an
engine When the engine 1s coming lo rest 1l
oflen rocks back. or rolates In reverse. for part
ol a revolution H the operalor attempis lo re-
engage the dnve pimon at lhe instant the
engine 1s rocking back. \he dnve housing or
the Bendix spnng may be damaged.

To prevenl such damage. \he operator should
always wait al jeas| five seconds belween at-
templs to crank so thal the engine stops turn-

ing
Variations In Bendix Drives

1  The folo-thru starter drive {Figure B-£7)
incorporates some designs into the stan-
dard Bendix diive that overcome the
problems with the Bendix mentioned
above A folo-thru has a detent pin which
locks the dnve in the cranking position to
prevent disengagement on false starls.
Ttus pin is thrown out by centrifugal force
when the engine runs and the pinion then
disengages

DRIVE SPRING DENTIL CLUTCH

SCREWSHAFT PINION AND

ANCHOR PLATE BARREL

DRIVE HEAD (8-87)

Courtesy of Deico Dmision of
General Moiors Corporalion

another protective feature of the folo-thru
drive 1s Lhe dentil clutch. a precision made
one way clutch which drives in one direc-
tion and slips in the other Since the shaft
will shp 1n the non drive dwechion. the
starting motor 15 prolected from engine
backfire

The folo-lhru is the most common type of
inerha dnive used loday.

Some heavy-duty cranking motors use a
friction-clulch Bendix dnve. Tis lype of
dnive functions in much the same manner
as olher Bendix drives. However. it uses a
sernes ol spnng-loaded clutch plales. n-
stead of a drnve sprning. that shp momen-
tartly dunng engagement to reheve shock.

Clutch Drives

Overtunning Clutch Drive

The overrunning clulch drive (Figure 8-88) 1s
one of the most widely used drive
mechanisms: it meshes and demeshes \he
drive pinion with the flywheel

The overrunning ciuich uses & chift lever to
actuate the drnive pinion The pinion. together
with the overunming clutch mechanism, is
moved endwise along the ammature shaft and
into. or oul c¢f. mesh with the fiywheel. The
shift lever may be operaled either manually or
by a solenoid,

OVERRUNNING
CLUTCH
{8-88)

Courtesy of Jonn Deere Lw

Operation ol lhe overnding clutch 18 as
follows'

The drnive pinion 1nits neulral posihion is out
of mesh and separated from the flywheel ring
gear When the starling switch 1s closed.
currenl flows to the solenoid. closing the
switch circuit As the solenoid switch closes.
the shift lever moves the piruon inlo mesh and
then compieles the crcuit o the starting
motor. If the pimion and the flywheel teeth
meet instead of meshing. the spring-toaded
pinion rolates the wadth of one-half tooth and
drops nto mesh as the armature starts 10
rolate

When the armature shaft rotates durning
cranking. small rollers in the clutch become
wedged aga..st the shift collar attached lo
the pimion. This wedging achon locks the
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pinion gear to the clutcy, which 1s sphned lo
the armature shall. and causes the pinion to
rotate with the shaft (Figure 8-89).

ARMATURE
SHlAFT

PINION GEAR

ROLLERS
COLLAR

(8-83)
OVERRUNNIANG CLUTCH DRIVE ENGAGED
Cowrtesy o Junn Deere Lid

Wher. the engine starts. the flywhecel spings the
pyvwon gear faster than the armature,
re'easing the rollers and unlocking the pinion
from the armalure. releassag the rotlers and
unlocking the pinion from the armature shaft
The uniocked pimon shll meshed with the
flywheel. runs at flywheel speed {overruns)
safely and freely unbil the switch s opéned
and the shift tzver pulls the pmion out of
mesh This fea:ure prevenls the armature from
being dnven at excessive speed by tne
engme

{8-91)

RETAINER
Cups

SHOULDER

BAFFLE

SPRING
COLLAR. SLEEVE >

Courtesy of Delco Dws:on of
General Moiors CorpGralion

SPRAGS

Sprag Clutch Drive

The Sprag Clutch Drive (Figures 8-90 and 8-
@1) 15 used primarily oh larger starting motors
lo carry the high torque required to turn over
high-compression engines. The Sprag Clutch
Drive is conslructed and operates fike the
Overrunning Clutch Drive. except that a series
of sprags replace the roflers in the clutch
assembly.

The Sprag Clutch Drive operates as follows:

Movemenl of the shift lever against the collar
causes the entire clutch assembly fo move
along the splined shaft until the pinion teeth
engage the flywheel ring gear. If the teeth
meet instead of meshing. continued
movement of the shell and spiral splined
sleeve causes the pinion to rolate and clear
the leeth. The compressed meshing spring
then forces the pinion inlo mesh with the ring
gear If the pinion does nol clear betfore the
two retainer cups meel. shift lever move ment
15 stopped by the relainer cups and the
operalor musl slart the engagement cycle
over again. The shift lever stopping prevents
closure of the switch contacts lo the motor
wilh |he pmion not ¢ngaged. On the second
attempt. the pinion will engage mn a normal
Manner.

PINION

g

SHIFT COLLAR

¥ low

(8-80)
CUPPED pINION _SPRAG CLUTCH DRIVE
STOP Courtesy of John Deese Lid

3PLIT WASHER

PINION

DISASSEMBLED VIEW OF LATE TYPE
HEAVY QUTY SPRAG CLUTCH
DRIVE ASSEMBLY
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With the pimion engaged and the switch
closed. torque 1s transmitted to the pimion
through the sprags. The sprags ult slightly
and are wedged between the shell and sleeve.
When the engine starts. the ring gear dnives
the cluich fasier than the armature. and the
sprags tit in the opposite direction freeing tne
sleeve and pmon and allowing them to
overrun the shell and armature. When the
switch 15 openea the shift lever pulls the
pinton oyt of mesh To avoid proionged
overrunming, the starting switch should be
opened as soon as the engine starts.

REMOVING AND INSTALLING STARTERS

When removing and mnistalling starter motors.
the following precaution and good work prac-
tices should ve followed:

t First. remove the ground sirap from the
pattery Then install a 0O NOT OPERATE
TAG on the controls.

2 Tagq all wires pefore disconnecting them.
Pieces of masking tape work well for
tagging

3 Starter motors. especially Jarge ones. are
neavy. so e sure to support a motor when
removing tne flange belis

4 Cneck tne flywheel ring gear condition
pefore remnstalling the starteér motor. 1f it 18
badly worm or damaged. the nng gear
should be repared

o

Wnen msialing the motor be sure (o
tighten the flange bolts evenly

160
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QUESTIONS — STARTER MOTOR

The starhing circuil converts electrical
energy of the baltery into
e e e m— — lO crank the engine

(a) kmetc energy

(b} hydraulic energy

(c) pneumatc energy

(d} mechanical energy

True or False? A slarting motor 15

designed to operate for short intervals
under greal overload.

The prnnciple of an electric motor is (hat
a curren! carrying conductor is placed n
a magnetic field and the nteraction be-
lween the two fields causes:

(a} current o flow 1n the field winding
(b) a fo e lo be exerted on the con-
ductor

(c} current to stop flowing n the con-
duclor

(d) an equal force on the conductor

The operation of magnetic. solenoid and
series-parallel starter switches depends
on:

(a) frniclion and magnelism
{b} a core bightly wrapped around a coil

(c} movement of a magnetized core into
and out of an electromagnelic col

{d) two bar magnels applyng a force (o
each other

What is the main difference belween a
magnehc starter switch and a solenoid
starter swilch?

A sernes-parallel switch 15 used to

(a) connect two battenes n senes for
staring and 1n parallel for charging

(b)Y connects four ballenes n parallel
for slarting and returns two of them
lo senes for charging and ac-
cessory loads

keeps Lhe slarler from overloading
the batlenes

connecls lwo batlenies 1n parallel
for slarting and n senes for
chargmg

7

List the two basic lunclions of the starter
drive

What s ihe lirst step before altempling to
remove a starler motor?

{a) jack the vehicle up

{b) check the nng gear condiion
(c) remove the ballery ground strap
{d) remove Lhe fan bell

Why 15 the dnve pinion center weighted
on an merha drive suych as a Bendix?

An overrunning ciulch mechamsm allows
a clutch drive pimson to safely — . _ _
the slarier molor armature shall when the
engine starts

There 15 a diect relationship between
starler drives and slarter swilches. Iner-
tia dnives use switches.
Cluichdnvesuse __ _ . _ . swilches,
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CHARGING CIRCWITS
A charging circuit does two Jobs:

— recharges the battery

-- generales current to operate electncal
ac2s5s0nes

There are two kmmds of charging circuits'
— DC charging crreuts {use generators)
— AC charging circuits {(use alternators)

DC Charging Circuits have a generator and
regulator (Figure 8-92).

REGULATOR

BATTERY

{8-92)
DC CHARGING CIRCUIT

Courtesy of Jona Deere LiIg

Driven by the engine. the generator makes
electncal power .n the form of alternating
current lcurrent that moves in one direction,
and then n the other) Throudah the use of a
commutator and brushes. the generator
changes the allernating current (AC) inlo
direct current or DC which moves in one
direction only.

The requlator does the following three |obs

1 Opens and closes the charging circuit be-
tween the battery and generator.

2 Prevents overcharging of the battery.

L)

Limits the generator's output to a safe
amounl,

AC charging circuits have an alternator and a
regulator (Figure 8-93).

IGNITIGN SWITCH

BATTERY

18-93) AC CHARGING CIRCUIT
Courtesy of John Deere LId

An aiternator is similar to a generator in that it
produces AC current, but it differs in the way
it changes AC to DC. Alternators use an elec-
ronic device called a diode rather than
brushes and a commutator to change the AC
to pC.

The function of a regulator in an AC charging
circuit is to prevent overcharging of the bat-
tery and to limit the alternator’s voltage cutput
to a safe amount. Many modern régulators are
made with transistors and are referred lo as
solid stale.

OPERATION OF A CHARGING CIRCUIT
All charging circuits operafe in three stages-

1. During starting the battery supplies all the
current.

2. During peak operation the battery helps
the generalor supply current.

3 Dunng normal operation the generator
supplies alt current and recharges the bat-
tery

In both AC and DC char¢ing circuts. the bat-
tery starts the circuit when it supplies the
currént lo start the engine The engine then
dnives the generalor (or alternator) which
produces current to take over the operation of
the 1gmtion. hghts and other electrical ac-
cessones. The battery will help oul dunng
peak operation when the electrical loads aie
too much for the generator (or alternator)
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The three slages of the chargmg Circuit are
illustrated in Figure 8-94

™

GEMERATHR

BATTERY SUPPLYING
LOAD CURRENT

GENERATOR

GENERATOR AND BATTERY
SUPPLYING LOAD CURRENT

BATTERY

| GENERATOR

GENERATOR SUPPLYING LOAD
CURRENT AND CHARGING BATTERY
(8-94)
Courtesy of John Deere Lid

DC CIRCUITS
GENERATORS

The make-up of abasic generator 1s similar to
that of the basic starting motor previously
descrnibed. Both have an armature. poles, a
field winding. brushes and a commutator.
However there is a major difference in their

operation and function. A starting motor uses
current to turn 1its armature and shaft and its
function is to produce working oower. A
generator uses engine power to turn its ar-
mature and its function is to produce elec-
tncity. Figure 8-95 illustrates the parts of a
basic generator. (Note that an actual
generator has not one but many loops.)

WINDINGS

COMMUTATOR
BRUSHES CURRENT PRODUCED BY
ELECTROMAGNETIC

tNDUCTION

X 1457 (8-95)

COMPLETE PARTS OF BASIC GENERATORS
Courtesy of yohn Deere LId

The earlier discussion of electromagnetism
showed that when a conduclor was moved
through 2 magnetic field. a current was in-
duced in the conduclor. The direction of in-
duced current depended on the direction in
which the conductor passed through the field.
Generators use this principle of elec-
tromagnetic induction to produce current.

Looking at the illustration of the basic
generator in Figure 8-96. consider the clock-
wise rotation of the loop through the magnetic
freld Dunng the first half of the revolution
(Figure 8-96) the top of Side A ¢uts through
the magnetic field firsl. whereas the botiom of
side B 1s first to cut the field. In this half of the
revolution. then. the loop has current induced
1t that travels away from Side B towards
Side A, Dunng the second half of the
revolulion. the field culting is reversed. The
top of Side B 1s the leading edge. while the
bottom of Side A s leading. Thus the current
flows wn the opposite direction. away from
Side A towards Side B The result 15 alter-
nating current
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SECOND MALF OF
REVOLUTION

FIRST HALF OF
REVOLUTION

The generator must convert thus AC to BC.
The commutator and brushes perform the
conversion. The brushes slide on. or brush.
the commutator ring. Since the ring is split the
brush on the left side is always in contact with
the side of the loop that is pushing up through
Ihe magnetic field. and the brush on the right
side 1 always in contact with the sude of the
loop that 1 gong down through the field.
Thus the current always flows in the same
direction

Three factors will affect the induced current
thal an actual generator produces’

1 The strength of the magnetic field.

2 The number of wire conductors on the ar-
mature {1e. the number of loops)

3 The speed of the armature.

Noie here. as was mentioned earlier. that the
more current a generator (or an alternator}
produces. |he more resistance there is against
lhe armature Thus. the more current you draw
Irom a generalor or alternator. the harder it 1S
io turn. ThiS IS the reason that drive beilts for
generators and alternators must have the
proper tension so thail lhey don't shp dunng
peak demands

Need To Regulate The Generator

Looking at the diagram of a basic generator.
you can see that current produced by the
generator 1S also used lo supply 1S own field
circuit. Such an arrang ‘ept causes a
spiralling increase n the amnount of current
produced The reason 1S as follows:

1 The more current the armature produces.
the more current 1S sent 10 the field circuit

With this additional current. the magnetic
field becomes Stronger

With a slronger magnetic field. more
current 15 induced in the armature

4 Anpd so it goes. the amount of current
spiralling upwards.

i this increase In current went unchecked.
the generator would burn up Thus. the need
for a regulator The regulator controls the
amount of current and voltage the generator
can produce. Besides having current and
voltage limiters. the regulator has a cutout
relay that closes the circuit between the
generator and the battery when the generator
is runnming and opens it when the generator is
stopped. This relay allows the generator lo
charge the battery. but does not allow the bat-
tery to discharge through the generator when
the generator 1$ not running.

AC CIRCUITS
Alternators

The alternator (also called an AC generator)
ts the heart of the AC changing circuit. Alter-
nators are generally more compact than
generators and can supply a higher current at
low engine speeds. Since n recent years
there has been an increase n the use of elec-
trical accessories at low or idie engine
speeds. altemators are more common today
than generators

Basic Operation Of An Alternator

Whereas a generator induces current Dy
moving a conductor through a stationary fieid.
an alternator \nduces a current by doing the
opposite. by moving the field across a
stationary conductor.

A basic alternator can be made by rotating a
bar magne! inside a single loop of wire Ast's
rotated current s 1 .duced in the wire (Figure

ROTATING
MAGNETIC
FIELD

Courtesy ol Jonn Deeye Ltd
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If the magnet i1s rotated the other way. the
current will flow in the opposite direction The
faster the magnet 1s turned the more currenti1s
tnduced

However. an alternator made with a bar
magnet rolating inside a single loop of wire is
not practical because very hitle voltage and
current are produced Air is not a good frans
mitter of magnetism. and only a few hines ol
force will corne out of the Norih pole and en-
ter the South pole Production ol current s -
proved when the loop of wire and the magnet
are placed inside an ron frame {Figure 8-98).
The iron lrame provides a form to which the
loop of wire can be attached !t also acts as a
conducting path for the magnetic hnes of
force. greatly increasing the number of lines
of force bewween the N and $ poles. With the
increasad lines of lorce comes more induced
voHage. and thus a more useful alternator

ETRONG FIELD
WEAK FIELD

\—CONDUCIOR

AIR PATH-HIGH
RELUCTANCE

a1313

IRON FRAME-L OW
- RELUCTANCE
(8¢
MAGNETIC LINES OF FORCE
Courtesy of John Deere Lid

In an alternator the rotz, wagnet is calied
Ihe rotor. and the loop and outside frame
assembly is called the stator. A rotor and a
stator Irom an actual alternator are shown in
Figure 8-9%. Note that the stator has not one
but many loops of wire wound in three
separate soils. Also note that the rotor isnot a
bar maonetic but pole pietes and an elec-
tromaZnetic held winding. The rotor 1s driven
by the engine and the field winding is sup-
plied current from the battery.

Courtesy of Delco-Remy
Dwision of General Motors Corporation

(8-99) STATOR

Courtesy of Delco-Kemy Division of
General Motors Corporation

The current induced in the stator by the rotor
is aiternating current and it must be changed
to AC before it can be used by the electrical
accessories An alternator uses diodes to
change the AC current to DC A diode is an
electronic device that will allow electricity to
flow through it in one direction but not in the
other The discussion here won't go into why
the diode allows passage of electricity one
way bul not the other: this information can be
found in any modern book on electricity. In
electncal diagrams the symbol for a diode is,

. which means that current can
flow through the arrow but not through the
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vertical line. Without gowng inlo detail. the
diodes are |ocated 1N circuits such that they
send the alternating current recewved from the
three stator coils alli i the same direction
resutling in a OC current. To understand how
diodes work follow the path of the current
through the siX diodes i Figure 8-100.
Remember that the current can only flow in
the direchion of the arrow through the diode.

From coill A through coil B and C and
back o A again

From B through A and C and back lo B
agamn

From C through A and B and back to C
agam

FIELD
TERMINAL

I RECTIFIER DIODES

8AT

STATOR

4

alalefeale,

v BATTERY
Courtesy ol Jonn Ceere Lid

{8-100)

Need To Regulate The Alternator

Alternators hke generalors must have
regulalion. The type of regulation, however, is
different in the two systems. Generators. as
you will recall. required a cutout between the
battery and generator. in addition to current
and voltage hmiters. Since alternators use
diodes. ihey don't need a culout (1.e.. current
can only go from the alternator to the hallery.
it can't go the other way). Nor do they need a
current hmitér because the cous are con-
structed so that the current they produce is
self hmiting What regulation alternators do
need. though, 1s a voltage limiter. Vollage out-
put 15 controiled by hmiting the amount of
current 1 the held circuit. By limiting the
voltage ouiput of the alternator. the amount of
currenl produced 1s N correct proportion to
both the demands of the batiery in ils various

states of charge and the demands of the elec-
tnical system (up to. of course, the alternator's
limitations},

There are many variations of alternator and
generator regulators and these will be
discussed in later courses.
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PREVENTIVE MAINTENANCE SERVICE OF
CHARGING SYSTEMS

Removing and installing generators and alter-
nators 1s a fairly straight forward job.
However, there are a few suggestions that will
help you do a belter. safer job:

1 First, remove the ground strap from the
battery.

2 Wnen mulliple wires are used on the
generator, tag lhe wires as they are
disconnecled

3. On some vehicles. several accessories
may be driven from a multiple groove
ciankshaft pulley, and to replace any of
the inside dnve bells you will have to
remove all the oulside belts first. Also, on
vehicles where special equipment has
been installed or accessories relocated, it
may be necessary to remove these ilems
before you can replace a drive belt.

4 Generators. especially large ones. are
heavy: support a generator when
removing the mounting bolts.

5 Check the condition of the drive belt and
its sheaves and sheck the sheave align-
ment (see the section on belt maintenance
in Block 7. Engines).

& When installing generators. position them
80 that the spacers are in the right
location.

7 Check belt tension using a belt tension
gauge or the belt depression melhod (see
"Engines”). The most common charging
system problems are caused by worn or
improperly adjusled drive bells. Preven-
tive mnaintenance on generators slresses,
therefore. that belts be checked regularly
for algnment and lension.




BASIC ELECTRICITY

QUESTIONS — CHARGING SYSTEMS

Bunng normal engine operation the
generalor or alternator:

{a) helps the batery supply current
(b) supplies all current

{c) recharges the battery

{d) both (b) and (c)

A generator changes the alternating
current it produces to direct current by
the use of:

{a) an accumulator and brushes

(b} a commutator and windings

{c) a commutator and brushes

{d) an accumulater and diodes

List the three jobs the regufator must do
in a DC charging system.

An alterrator changes AC to DC by the
use of:

{a) resistors

() transistors

{c} diodes

(d) thermistors

A regulator on an AC charging system
has one Job to do:

{a) limit the voltage to a safe value
{b) limits the current to a safe value

(c) opens and cioses the charging cir-
cuil

{d) control atternator speed o control
currgnt output

Bnefly explain the difference 1n the way
that current is induced in a generator
and in an alternator

True or Falte? The most common
charging sysizm problems are caused by
worn or imprope.ay adjusted drive bells.
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IGNITION SYSTEM

The purpose of the ignition system 1s to take
the low voltage of the battery and create high SPARK
voltage at the spark plugs to fire the engine. PLUGS
This purpose 15 accomphshed by means of an
induchion coil. points and a condenser. The
igrition system must deliver the ligh voltaje
to the right spark plug at the right time in or-
der to get maximum power from combustion.

DISTRIBUTOR

The ignthion circwil has two separate circuits
(Figuie 8-101)

-
P

Primary — low-voltage circuit
Secondary — migh-oltage circuit

_...--..-..
Tr itk L S
A ——
P
T
Sl Tk

-
-

The Primary Circuit 1s the Path for tow-voltage
current from the battery

vy

e

It includes these parts

1 Igrmtion Switch

2 Coil Prmary Winding BaTrery [ ermsrycircUIT
3 Distributor Contact Points [~ seconoary cIRcuIT
4  Condenser X3368 (8-101)  wseeee- MAGHETIC FIELD

. IGNITION CIRCUIT (BYPASS TYPE SHOWWN!
Tne Secondary Circuil 18 the high-voltage Counesy of john Deere Ltd

path for currenl stepped up by the coit It In-

cludes these parts IGNITION CIRCUIT OPERATION

Theigmbhion ¢ircuit can be naturally separated
1 Coil Secondary Winding into (1) the operations before the distribulor
2 Distnbutor Rotor ggnenr:s open and (2) the operations after they
3 Distributor Cap and Secondary Winding Operation Before The Distdbutor Points
4  Spark Plugs Open

Before the engine 1s slarted. the distnbutor

ponts are closed (Figure 8-102)

S

DISTRIBUTOR PRIMARY PRIMARY
CAP TERMIMAL TERMINAL

CONTACT
ROTOR POINTS
{CLOSED}

SPARK
PLINGS

PRIMARY
WINDING

«

BREAKER
Can
(8-102y o
CONDE.ISER oiTrIBUTOR OPERATION BEFORE THE DISTRIBUTOR
POINTS OPEN

CoutleSy ol Jonn Deere Lid
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when thegnition switch 15 turned on. current
tlows from Lhe battery into the primary w.n-
dings of the coil. as shown 11 dark hines. From
tne primary winding the current at fow
vullage simply travels through the closed
distnbutor points and back to ground The
current creates a magnets field around the
pimary winding and since the secondary
winng 15 wound underneath the primary. the
w»econdary. too. has & magnetic figld around 1t

Operation After The Distributor Points Open

As the engine rotates I1n starting. 1t drives the
distnbutor shail and \he breaker cam. The
breaker cam opens the disinbutor points. and
the second phase of igmition pegins as
ittustrated i Figure 8-103

SPARK B
PLUG =
TERMINAL l

CONTACT

ROTOR POINTS
SPARK (OPEN)

PLYGS _
BREAKER /;

CaM \
-
. J
\\n..' b
(8-103) CONDENSER

OFERATION AFTER THE DISTRIBUTOR
POINTS OPEN
Fnetesy of Jobn Ueere Ctd

As the points open. the ilow of current in the
primary circutt 1s stopped instantly Stopping
this current coltapses the magnetic fietd that
has built up around the twowindings Collaps-
ing the feld induces a current {discussed
more fully below} In the two cols. since there
Is a magnetic held moving across a con-
ductor You remember the. 1f 2 conductor 1s
moved through & magnetic field {the principle
of a generator) or vice versa # the magnetic
field 1s moved across the conductor (the prin-
ciple of the atternaton a current 1s induced in
the conductor

The surge of induced voltage 1n the primary
winding is absorbed by the condenser The
surge ol induced voltage in the secondary
winding which. for reasons that will be ex-
plained jater. 1s much higher. travels to the
distnibutor cap. The rotor inside the distributor
cap turns to a spark plug terminal and directs
the voliag2 surge to the correct plug through
insulated cables. At the spark plug. high
voltage curres flows down the center wire or
elecirode and on reaching the tip Jumps the
gap to the plug's ground electrode As the
current Jumps 1t creates a spark.

The complete cycle of current coming into the
pnimary winding. siopping. and induced
current traveiling from the secondary winding
to the distnbutor cap and spark plugs hap-

DISTRIBUTOR

SECOMDARY
WINDING

DISTRIBUTOR

pens irom 100 to 300 times a second depen.
ding on the speed of the engine.

One other point must be made about the
igrition circust as a whoie. Going back to the
first diagram In this section. notice the
resistor on the primary circuit and also note
the dotted lne that bypasses th.s resistor.
Such an arrangement 1s called a bypass
ignition system. When the ignition key 1s turn-
ed on. {ull battery voltage ilows through the
dotted red ine. résutting 1n a hotter spark for
first 1gnition. When the 1gmtion switch 1s
released. pnmary current flows through the
sohd iine and resistor to the coil. Ina 12-volt
system. the resistor reduces voltage by half
and atlows the use of a 6-volt coll The smaller
coil gives longer hle to the distnbutor points.
condenser. and coit because 1t creates less
heat.
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Having seen how current flows 10 an wgnition
system the mndividual paris of the system will
be discussed

Wiring In The Primary Circuit

Prnmary winng is low voltage wiring. 16 or 18
gauge plastic insulated. siranded copper wire.
that camies current at battery voltage through
the primary ignition circuit The connectors at
the ends of the wire are usually crimped or
soldered on

Ignition Coil and Condenser

The center of the coil (Figure 8-104) is a soft
iron core The secondary winding of fine wire
1s wrapped around this core. One end of the
secondary winding 1s connected to the hrgh-
tension terminal. the other end to the primary
winding

SEALING MIPPLE

HIGH TENSION
TERMINAL
COIL Cap

PRIMARY
TERMINAL

SECONDARY
WINDING

PRIMARY
WINDING

IRDY
CORE

LAMINATION
PORCELAIN
INSULATOR

(8-104) 1GNITION COIL
Courtesy of Jonn Deere Li¢

The pnmary winding of heavy wire is wrapped
around the secondary winding. There are ap-
proximately 100 times less primary loops than
secondary ones. The two ends of the primary
winding are attached to the pnimary terminals
in the coil cap. One of these terminals 1S con-
nected to the power source. the other 1s con-
nected to the distributor points.

% shell of taminaled matenal is placed around
the windings and core as shown. The core.
windings. and shell are then encased mn a
metal container. The container 1s lilled with
either oil or insulating matenal and sealed
with the coil cap The cap i1s made of a shaped
insulating material with the two pnimary ter-
minals and one high-tenston terminal molded

Into it.
171

The ccil petforms the key function 0 the
ignition circuit, 1t steps up battery voltage
from 6 or 12-volts to 15 to 20 thousand volts,
enabling a spark to occur at the spark plug.

Coil Operation

Keep in mind the electromagnetic principle of
the coil. when a magnetic hield crosses overa
conductor @ voltage i1s incdiced in that con-
duclor. The laster the field travels and the
more conductors there are. the greater the ip-
duced voltage.

1  Current at battery voltage travels to the
primary winding in the coil. As current
begins to come into the primary winding, a
magnetic field stans to builld around it
and since |he secondary winding is wrap-
ped undemeath the primary the same
magnetic field crosses over to the secon-
dary winding. As the fiekd builds up. some
voltage is induced In the secondary win-
ding but not enough to send a spark
across the gap at the spark plug.

This greater voltage that produces the
spark 15 \nduced as follows The contact
pnints are opened and current is im-
mediately cyt ofll to the pnimary coil. Cut-
ting oft the current causes the field to
collapse very quickly. and ihus the lield
travels back over the secondary windings
much faster than it came across. (Note
that the electromagnetic field doesn't just
disappear when current is cut off: it must
collapse or fall dawn much like. a bnck
building would ; The fast collapsing field
crossing back over the many loops In the
secondary winding induces a very high
voltage that sends a surge of current up to
a spark plug to jump the gap and cause
the spak needed for igmtion of the fuel,

While the high voltage 1s being induced in
the secondary winding. what is happening
In the pnmary winding? As the field
collapses. a voltage 1s self-induced in the
prwmary winding as well as the secondary.
However. the voltage 1s much less than
that ol the secondary because the pnmary
has approximately 100 times fewer loops.

The self-induced voltage mn the pnmary
winding trnies to push a spark across the
pomnts In an attempt to Keep the current
Mlowing And there 1S enough nduced
voltage to send a spark across when the
points ftrst slart to open and are not very
far apart Such a spark would damage the
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ponts and decrease the rale of fheld
collapse. To preventsparks at the points a
condenser 1S used.

The condenser 1S connectied across the
pomis as illustrated in Figure 8-105.

DISTRIBUTOR

"

INSULATION

Courtecy ¢of Jonn Deerg Lid

(8-105})

CONDENSER

Instead of Ihe induced voltage pushing
current across the points. the current is
sent into the condenser. The condenser 1n
effect calches the induced vollage from
the primary winding. The condenser is
soon full or charged up and the voltage 1s
ready to try again to push the spark
across the points. but by this time the
r.onts are open too wide for a spark to be
r.ushed across The delaying tactics of the
condenser prevent currént from Crossing
the ponts and w so doing allow the tield
in the coil to conlinue lo collapse.

It should be ponted out that contrary to
what was said above sparking is not 100%
eliminated from the points. During the first
millonth of a second that the ponts
separate. there is a very small spark
produced across the points, It is this small
spark that accounts for some pitting and
wear on the points.

Setvice Note On The Polarity Of The Coil

Whenever the primary |leads are disconnected
from the coil. observe the correct polarity
when reconnecting them. Wrong polarity of
the coll 15 not a serious problem. but can
cause damage over a long perioti of time. A
coil that is incorrectly connected to the power
source and the distnibutor will require an extra
4000 to 8000 wvolts to create the spark
Misfinng can result as the voltage required to
jump the spark gap increases. Figure 8-106
ilustrates proper coil connections.

HIGH-TENSICN

coiL TERMINAL

PRIMARY

TER"“N“'\“{}' PRINARY

TERMINAL

TO IGHITION
SWITCH

OR
PRIMARY
TERMINAL

B HEGATIVE_GROUND SYSTEMS

(8-106) ] POSITIVE-GROUND 3¥STEAS

CORRECT POLARITY OF THE COQIL
Co -resy of Jonn Deere Lid

On negative-ground systems. the negative
primary terminal is connected to the
distributor.

On positive-ground systems. the positive
primary termnal 1s connected to the
distributor.

Most coils have the polanity signs impninted in
the cap by each terminal.

IGNATION DISTRIBUTCR
The distributor does three jobs. 1L

— opens and closes the pnmary circuit
— times the high voltage surges
— delivers current to the spark plugs

Distributor Parts Can Be Pul Into Three
Groups

Primary Circuit
Operation Timing Delivery

drive shaft drive shaft  drive shaft
breaker cam breaker cam rotor
breaker plate centrifugal cap
advance
contact points contact points
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Operation Of The Distributor

As the distributor drive shaft urns. & cam lobe
pushes the breaker lever rubbing block. This
action opens the contact pomis. slopping the
current flow n the coil's primary circuit
(Figure 8-107)

ARUBBING BLOCK
DISTRIBUTOR

(8-107)

Courlesy ol John Deere Lid

The collapsing fietd and the resuiting high-
voltage surge n the cod’s secondary winding
iorces current inlo the center terminal of the
distnbutor cap. The distributor rotor receives
this current and delivers it to the proper spark
plug to fire the engine

Meanwhile. the distributor cam lobe has
moved away from the rubbing olock and
spring tension brings the points back into
contact (Figure 8-108)

POINTS
CLOSED

CISTRIBUTOR
{8-108)

Courtesy of Jonn Deere Lid

HOUSING

The pnmary cicuit is again complete and
current flows unlil the next lobe opens the
ponts. The cycle then repeats itself,

In tres way a spark 15 created as each lobe of
the cam opens the contact points. The com-
plete cycle for each spark takes place at a
very high speed. A typical distributor 18 shown
in Figure 8-109.

- CONDENSER

ADVANCE
MECHANISM

(8-109) CUTAWAY OF DISTRIBUTOR
Countesy of Jonn Deare LId

Distributor Parts

Drive Shaft — 15 driven al one-half engine or
crankshaft speed by the engine camshafl. i
drives the centnfugatl advance mechanism
(described later). the breaker cam. and the
rotor.

Breaker Cam — is slip-mounted on the drive
shaft and pinned to the centrifugal advance.
The cam has one lobe for each enging cylin-
der.

Breaker Plate — 12 a mounting for the contact
points and condenser It also hes a terminal
which connecls the points and condenser to
the prnmary circuit.

Contact Points Assembly — consists of two
contact points. a breaker lever and a breaker
lever spring All three are mounled on a base
which is altached to the breaker ptate. The
two poinls are usually made ol tungsten. One
15 hxed to the base. the other is allached to
the breaker lever and ahgned with ‘he first.
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The breaker lever 1s mounted on a pivot pin to
the assembly base The lever is made of metal
and has a nylon or bakehte rubbing block
The breaker lever spring is attached to the
breaker lever The spnng holds the lever 1o
the cam after ¢ach cam lobe passes the rub-
bing biack

Rotor — 1s mounted on the upper part of the
oreaker cam A flat side of the rotor hub fits
on a flat side of the cam in this way the rotor
will it in only one posinon. On the top of the
rotor. 2 spning mélal piece 1S in contact with
the center termnal ol the distributor cap A
ngid prece compleies the circuil to each
spark plug terminal w the cap as the rolor
turns. The rotor itseil 1s molded ol a plashic
material which makes it a good insulator,

Distributor Cap --1s also molded of a ptastic
malerial Brass or copper conlact inserts are
embedded in the cap. These conlacts are
equally spaced around the czp and lead to the
spark plug lerminals n the top of the cap. The
cap is notched inlo the housing to prevent in-
correct inslallation.

CENTRIFUGAL ADVANCE MECHANISM

An advance mechanism i¢ a device which
fakes engine speed into account and himes
the spark 10 occur while the pision is in its
besl position to be driven by the expanding
gases For the purpose of discussion, assume
that the engine piston must be at 12° past top
dead center lor full combustion force (Figure
8-110). The 12° past top center stays the same
regardless o’ the engine speed,

(8-11Q)

Cuurtesy of Jonn Oeere Lid

Assume also that ¥ takes 0002 seconds to
reach the full force of combustion. and that at
1000 revolut.ons-per-minute {(RPM) the piston
will travel 16 degrees during this time. The
spark at this speed. therefore. inust come at
four gegrees before top dead cenler so that

the piston will be at its optimum 12° position
at combustion (Frgure 8-111) Il the engine
speed is doubled to 2000 RPM. the distance
the piston would travel 1s also doubled to 32
degrees. and the spark. therefore. must occur
at 20 degrees belore top dead cenler 10 give
maximum power 1o the piston (Figure 8-111).

BEFCRE

AT 1,000 EHGINE RPM AT 2,000 ENGINE RPM

SPARK TIMING OF THE ENGINE COMBUSTION

(8-111)

Courtesy ) Jonn Deere Lo

It nas been shown that spark timing must be
adjusted to engme speed The advance
mechanism makes this adjustment. The mosl
popular type of advance mechanism is a cen-
tnfugal advance. its mam parts are iwo
welghts. a weighl base and two Spnngs
(Figure 8-112),

CENTRIFUGAL ADVANCE MECHANISM

ADVANCE

WEIGHT
BASE

PN

CONNECTING

k PRIMARY
1 LEAD
Courtesy ol Jonn Deere 1t

(8-112)

T e weight base is part of the distribJtor drive
shaft. The springs are connected lo the base,
while the weighis are placed on the base. The
distnbutor breaker cam has two pPIRs which
connect 1t to the springs and weights.
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At dle speed the breaker cam is pinned to the
base and rotates with the drive shaft. The cam
lobes then open the poinls at a preset time
such as four degrees before top dead center.

HD ADVANCE FuLL ADVANCE

OPERATION OF CENTRiFUGAL ADVANCE
8-113) Courlesy ol John Deere Lig

As tne engme speeds up. centnfugal force
throws .he weaights ou! against spring tension
(Figure 8-113) When th2 weighits move out
they twisl the breaker zam so lhat thé cam
lobes stnke the breake, lever earher Thus lhe
contact ponts open earlier and Lthe spark 1S
advanced As lhe engine slows down. the
springs gradually return the breaker cam and
weights 1o therr onginal position

The centnfugal advance 1s calculated i a set
ralio ¢ spark advance to engine speed: at {full
throttle 1t gwwves complete spark advance
Cyhnder conditions. however. are nol as
reqular as the se! advance-speed ratio might
imply There 1s a ume. at part throtile for
example. when the conddions durtng com-
pression and combustion are such that more
spark advance could be used. Al part throtile
Ihe amount of air taken nto the engine s
resinicted and a vacuum can develop i the
engine inla. @ manifold, allowing less fuel and
air into the cylmder The amount of vacuum in
the manifold 15 determined by the engine
speed and the |hrotile opening With less air-
fuel mxture entenng the cylinder and with |he
mixture being shghtly nche. (1 . not as much
air). the mixture will burn slower tn such a
situation spark must 1ake place sooner The
centnfugal advance can't advance the spark
any furthe; because 1t 1S 1n a sel speed-
ad.nce ratio The furthe- advance IS ac-
comphshed by a vacuum advance mechanism
(Figure 8-114)

CARBURETOR

]i f
f'/,

YACHUMK

ADVANCE DIAPHRAGH

{8-114) vaCUUM ADVANCE MECHANISM
Courtesy of Jonn Deere Lig

The vacuum advance wuses an air-tight
diaphragm connected to an opering n the
catburetor by a vacuum passage. The
diaphragm 1s connected by linkage to the
distnbuior housing or the Lreaxker plate.

When a vacuum at the intake manifold draws
air from the diaphragm chamber. it causes the
diaphragm to rotale the distnbutor breaker
plate 1n the opposite direction of drive shaft
rotahon. The bresker lever conlacis the
breaker cam lobes sooner and advances the
spark.

A combinaton of the centnfugal and Ihe
vacuum advance mechaiasms gwes a spark
advance unit which 15 sensitive 1o all speed
and load conditions.

Other parts of the 1gnilion system yet to be
discussed are secondary wirtng. a ballast
resistor. and spark plugs.

SECONDARY WIRING

Secondary wiring carnes the nduced coil
voltage {20.000 volis or more) first from the
coil's high tension terminal 10 the distributor
cap and then from the outlside distribulor cap
terminals to the spark plugs. Because of the
high voltage they carry, these wires must be
heavily insulated. The nsulation must be ol
resislanl and musl also be able 1o withstand a
fair amount of heat as the wires run close {o
the manifolds.

Until the early sixlies. secondary Wiing was
made of aboul 16 gauge copper or aluminum
wire. At that time, wiring with carbon im-
pregnated liners or cores was mtroduced. The
carbon impregnated core provides a
r. ‘stance Path for the high voliage surges
which helps eliminate radio and television in-
lerference from the ignition system.
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Other improvements have followed. such as
graphite saturated fiberglass cores and soft
sithcone insulation that allow the wire to
withstand more heat and generally make it
more durable.

The ends of secondary wiring that hit onto the
distributor ¢ ap. the coil tower. and the spark
plugs are equipped with insulating boots. The
boots either slide over the cable or are bond-
ed to ¢

BALLAST RESISTOR

Earlier. a bypass ignition system was men-
tioned. When starting. a bypass circuit takes
full voltage to the coil for a hotter spark. but
once the engine starts. battery voltage passes
Ihrough a resislor which cuts the vollage to
the coil. The decreased voltage. because 1t
generates less heat, gives longer life to the
points, condenser and coil. The resistor used
15 called a ballast resistor.

instead of a ballast resistor. some manufac-
turers yse a resistance wire which is con-
nected between the igmtion switch and the
coil- Note that there 1s no bypass circuit here.
When the conductor is cold at starting, vir-
tually full voltage is sent to the coil. but as the
conductor heats up the resistance \nc¢reases
and reduces the voltage.

SPARK PLUGS

When the topic ot electnical circuits was In-
troduced. it was saud that no current flowed 1n
an open cucuit In most cases this 15 true.
However. if the opening 1n Ihe circuit 1s small
and a slrong voltage 1s present, the circut
can stuli be completed. Sirong voltage will
force the current to jJump the opening or gap
{o complete the circuil. Such a jumping of
current occurs at the spark plug gap to cem-
plete the igmtion circuit

Spark Plug Operation

A spark plug (Figure 8-115) has two con-
ductors or electrodes Onée 15 connected by
wire to the distnbutor cap and the other 18
connected to ground The two electrodes are
separaled by a smali opening or gap

TERMINAL

INSULATOR

SEALING MATERIAL

ELECTRODES

oA
afi

{(8-115) SPARK PLUG CONSTRUCTION
Courlesy of John Deere Lid

The nigh voltage surge comes in through the
terminal. travels down the central electrode
and then Jumps the gap o the boltom elec-
trode. After the complex ignition act.on that
you have seen at the coil and distributor.
current jumping the gap to create a spa.k
seems rather simple. The spark. however. 1S
noi just any spark. it must be of the correct in-
tensity and duration to cause efhciert fuel
combustion. Spark plugs must be carefully
constructed tr give such a conirolled spark

Plug Construction

All spark plugs have basinally the same perts
as the one shown above. Vanations in plugs
result from these parts being designed dif-
ferently. Spark plug parts are discussed
below.

Quter Shell

Each spark plug has a steel outer shell. The
top of the shall 1s hex-shaped for tightening
the plug when installing it The lower part of
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the shell 15 threaded and screws into the
c¢ylinder head. The grounded electrode ex-
tends out from the lower part of the shell A
gashket shps over the threaded portion of the
plug and rests agansi the flange at the bol-
tom of the upper part of the sheil The gasket
serves two purposes, It seals the plug against
compression loss and prowides a path for the
transfer of heat to the cooling sysiem. Note
that instead ol a gasket and flat flange some
plugs will use a tapered seat.

The distance from the flange to the end of the
plug threads s called the reach. The reach of
a spark plug s very ymportant 1n plug selac-
tion A plug with too long a reach will extend
too far into the combustion area Not only will
the plug run holter, but it 1s also In danger of
being hit by a pistor or valve A olug witn too
short & reach will run ¢cold and ¢ ause misfiing
due to fouled electrodes

The engine’s Service Marual will give the
exact spark plug soecbcations for each
engine.

wpark Plug Insulaior

The insulated core or insulator 1s mounted |

the outer shell Insulators are usually made of
such msulating materials as w.te ceramic or
porcelain The matenal must withstand ex-
treme heat. cooling and wvibration The in
sulator 1s held in positicn and shielded lrom
the outer shell by an inside gasket anc
sealing compound Beside, - olding the cen-
ter electrode. the ins  ‘or .. 4 smeld lor the
slectrode so that .. ent wiil tlow cnly
through th2 electrode The exposed upper
porhon of the insuiator must b2 kept clean lo
prevent current from escaping Many plugs
have rnibbed insulators to discourage dirt
buitd-up.

Epark Plug Electrodes

The electrodes are usuaily made of a2 metal
citoy that can withstand constant burr:ng and
erosion The gap belween the two electroaes
15 of pnme importance in plug operation. Tris
gap must be sel to exacl enaine
spectiications |f the gap is too narrow the
apark will be weak and fouhng and misfu ng
will resull; if loo wide. the gap may work w2ll
at low speeds, but at high speeds or he:vy
loads it wil strain the ool and calse
misfiring. The serfaces of the twe electie-es
at the sparl ing pcint or gap shou!d be par.. lel
and have squared ccrners to give the Gurant
a beiler Jump across the gap.

Heat Range Of Plugs

The heat range of a spark plug is another im-
portant plug characterishic. Heat range refers
to the plugs ability to transfer heat at the firing
lip to the engine’s cooling system. A plug's
ability to transfer heat is determined by the
distance the heal must travel. A short in-
sulator seat quickly carries heat from the core
leaving a cold plug A long insulator seat
allows the core to retain maximum heat and
makes a hot plug {Figure 8-116).

pr—————

COLD
PLUG

_

—

LONG NOSE CONE

SHORT NOSE CONE
° (8-116)

Counesy of John Deere Lid

Engine design anc operating conditions will
decide whether a hot or a cold plug sho: ' he
used.

Generally. an engine which opaiates at fasi
spees or heavy loads, ie., the engine
operates hot, wil requireé a coid Plug so that
the heat will transfer quickly., On the other
hand. an engine that usua'ly operates at low
ot idle speeds will use a hot plug. The hot
plug vall bur off the deposits that form on 2
plug's electrodes when an engine aperatet at
lcw speecs= for long periods of time,
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Hot and cold plugs. the two extremes. are not
the only plugs available. For more normal
engine operations, a plug that is somewhere
between hot and cold is used. In Figure 8-117
note the length of heat travel in the different
plugs. as indicated by the length of the
arrows.

ENGINE

COOLING

% [\
) = =

MEDIUM COLD

-
HOT MEDIUM HOT

hyavs

(8-117) SPARK PLUGS OF VARIOUS HEAT RANGES Courtesy of J¢hn Deere Lid.

CAM ANGLE {DWELL) AND BASIC TIMING

Cam Dwell

Cam dwell is the number of degrees durnng
the rotation of the cam that the points remain
closed (Figure 8-. 8).

POINTS POINTS
OPEN

ey
)
DIRECTION
Yo OF ROTATION
(8-118) CAM ANGLE (DWELL)
Coustesy of wonn Uegre Lid

Cam dwell 15 necessary {o insure compiete
bunld-up of the magnetic fizld within the coil,
or whe' o called coil saturation, 4 coii
saturation IS not reached, the amount of in-
¢iced voltage from the coil will be reduced.

Cem angie will give 4 low spark at high
spexds and s2use inisliring. Excess cam
angle allows the poists to remain ¢losed too

long resulbng in burned points that make
starting difhcull,

Cam angle and timing are directly refated;
one degree of cam angle change equals one
degree of timing change. The relationship is
tmportant because as the rubbing block on
the contact points wears, the cam angle will
increase and so throw the timing out,

Cam dwell defines contaci point operation in
terms 27 cam rotation and closed puints.
Another way to look &t point operation is in
terms ol the length of the gap between the
points when they are fully open. if points are
set according io cam dwel!l, a8 dwell meier is
used; if they are set by point gap. a ieeler
gauge is used. Both the cam dwell and the
point gap should be measured ta get a correc!
satlin0 of the contaut points.

Baszic Timing

setting the camy dwell or voint gap is the first
siep 'n adjusting the dist’buter. The second
stép is called setling the basic or initiai
timing. Basic timing is adjusting the
dislributor so that the spark oCcurs at the
correct ime (o give full combustion power.
The distributor ~ adjusted by loos@ning the
clamp and rotating the distributor in its
mounting.

Basic “ming 15 set with a timing light or
stroboscope (described later} while the
2ngine is iding and there is no influence from
tne ceatrifugal advance.
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PREVENTIVE MAINTENANCE OF
{GNITION SYSTEMS

Removing And Installing Spark Plugs

1 Pull the wire from Lhe plug by gra3ping Ihe
lerminal. nol by pulling on the wire.

After loosening he plug. but before
removing i, always clean the area around
the spark plug by blowing. wiping. or
brusthing (Be sure to protecl your eyes.)
Cleanung i this way will prevent dirl from
falling into the cylinder after plug removal.

Use a deep-well sockel to remove the
spark plugs Also remove the gaskets with
the plugs (If used).

If the plugs are to be reused. be sure to
note whicn cylinder each came from. The
condition of the spark plug can lell you a
lot aboul the operalion of a parlicular
cyclinder

When replacing spark plugs. 1t is best to
reptace all of lhem at the same lime to
take tull advanlage of new plug per-
lormance and €conomy.

When installing spark plugs with gaskeis,
be <ure |he gaskets are i place The
gaskets act as a seal to prevent loss of
compiession around the plug. Wilhoul a
gaskel the reach of the plug would also
change. aflecting plug operation.

Remember another pon! about gaskets
Most manulacturers recommend nstatling
néw gaskets wilh bolh new and recorr
ditioned spark plugos Alway3s remove the
»lg gas'et from the spark plug Never use
botn the old and the new gaskels as plug
reach would be ailecled

Tighten e spark plugs to Ine torque
specified 1 - i e service manual Il a torque
wrench 1S not available. tighien the plug
unl you leel il seat. then lurn 1l one-half
‘o three-quarter lurn more {With steel
gaskets. tighten one-quarter turn after
sealing)

Connect the spark plug wwes to Lhe
proper plugs

Tighlentng spark plugs lo the correct
specif'cations cannot be over-emphasized
Over torquing al besl can make tha plugs dif-
hcull to remove and at worst can break the
plug off al the threads Under 1orqued. loose
plugs result w poor neat transfeér ang reduced
plug life

SPARK PLUG SERVICING

Spark plug semvice has three steps (Figure 8-
119)

— Inspeclion
— ¢leaning
— gap adjustment

CHECK WIPE CLEAN
FAR

CRACKS

GASKET

ELECTRODES IHSULATION

UNTIL
FILE AND RE.GAP WHITE

(8-119)

MAINTENANCE QF SPARK PLUGS
Counesy of Jonn [eere L1d

Inspection Of Spark Plugs

In mosl shops the practice 1s to replace plugs
after a reasonable service life or if they give
trouble. Whether plugs are reused or not, all
falled plugs should be carefully examined. as
their condihon can tell you many lhings about
the stale of lhe engine.

Cleaning Spark Plugs

Although cleaning spark plugs probably won't
be a general practice. occasionally you may
want to clean them.

1 A sand-blasting machine s used to
remove deposits from the msulalor and
eleclrodes. Carefully mspect the plug af-
ter blasling to insure that all \he sand has
been removed. as engine damage could
resull 1l any was lefi on the plugs.

Do nol use a powar wire brush to clean
the plugs Most plug manufacturers do nol
recommend this method.
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Badly fouled plugs should be replaced It
1S doubtful Ihat sand blasting can remove
all the deposilts from such plugs

Clean the threads with a wire hand brush
or a powered solt wire brush wheel.

Wet. oly plugs may require cleaning wath
a pefroleum solvent before abrasive
cleaning

Before gapping the electrodes, file them
with @ smail point tile to flatten therr sur-
face at the finng pont and io square up
the edges (Figure 8-120). Squaring the
surface edges can reduce spark voltage
requirements evepn more than cleaning the
plugs does.

ELECTRDOE

FILE

(8-120)
FLLING THE SPARK PLUG ELECTRODES
Cnunesy o John Deere Lid

Adjusting Spark Plug Gaps

Whether a plug 1s new or used. alway.
check the gap before you install it (Figure

(8-121) —

CHECKING THE SPARK PLUG GaAP
Couriesy of Jonn Deere Lid

Use a wire spark plug gauge to check the
gap The wire gauge will give a lrue gap

reading even 1If the electrode surface is
not flat

If the gap is too wide, the plug may need
replacing.

Use a bendwmq lool to adjust the gap to
specificati. Often the bending tool is
part of the wge as shown. After ad-
justing. check « be sure the electrode
surfaces are parallel.

Never bend the center electrode as you
may crack or break the insulator tip.

ADJUSTING THE CQONTACT POINT
GAP OR CAM DWELL

Generally points, like plugs, are replaced after
a reasonable service lile or when they give
trouole. I it is necessary to reuse contact
points because new ones are pot available,
dress the contact surfaces with a fine oil
stone. Be syre io clean the points thoroughly
betfore installing them.

The correct way to set points is firsl with a
feeler gauge and then with a dwell meter. lf a
dwell meter 1s not available extra care should
be taken with the feeler ¢ auge settings.

1. Adjust points with a fecier gauge: With
the breaker cam positoned so that ihe
rubbing block touches a cam lobe at ils
highest point. adjust the points with a
feeler gauge to manufacturer's
specifications

Adiust points with a dwell meter: A owell
meter can be part of a distributor macnine
or it may be a separate portable unit. The
latter 1s the most likely to be found in a
heavy duty shop Following directions.
connect up the dwell meler. crank the
engine and adjust the poinis to the
speciflic dwell angle.

Hote:

If the cam angle reading on the meter varies
more than two degrees between lobas lgok {or
a worr, drive shaft or bushings.

It a problem is encountered in trying to obtain
the correct setting. check for the following
possibilities:

- impropar spring tepsion

— wrong conptact point assembly

— worn breaker cam

— worn distributor shaft and bushing

180
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USE OF TIMING LIGHT

Once the point gap or cam dwell has been ad
justed. the basic or initial timing can be set
Basic timing is done while the ergine is
idling The object of hasic liming is o match
up the timing mark on the turriag crankshafl
pulley (on the flywheel on some older
eng.nes) with a fixed mark or timing pointer
on the timing cover or housing. To match up
these marks a timing light (a stroooscopic
lighd is used The timing hight 1s connected to
the vehicle’s battery and to the number one
cylinder spark plug lead. Every time number
one cyhnder fires, the light will flash. Directea
at the fixed mark and the crankshaft pulley,
the ftashing light will make the puliey appear
to stand sull, and you will be able to see how
far the two marks are out. Orze you have seen
that the timing is out. loosen the distributor
holding clamp and while si.l watching the
tuming light turn the distributor one way or the
other to brning the two marks together (Figure
8-122) With the marks malched up, tighten
the holding clamp. stop the engine and
remove the timing light.

(8-122) TIMING MARKS (TYPICAL)
Courtesy of General Motors Cerporation

Two poinls to note when setting the timing:

1 Be sure the idle speed is as spec.iied by
the manufacturer,

Mosl manufacturers racommend that the
vacuum fine to the advance unii be
disconnected when setting basic timing.
Don't forget to reconniuct the line afler the
timing has been sed.

181

WIRING HARNESS

Wiring for electrnic al accessories i vehicles is
bound together i trunk Yines called a wiring
harness. A vehicle may have four or five har-
ness lines supplying electricity to different
parts of the vehicle. Branch wires come off
the harness trunk and connect up to their
specific accessones. The hamess sheath can
be made of rubber. cloth. piastic. plastic
iubing or can simply be electrical tape wrap-
ped around the wires, Two pomts when
working on a8 harness:

1 Care must be {aken when installing, a har-
ness nol to interfere with any moving parts
of the vehicle Install clips correctly so
that they do not pinch the wires and cause
short circuils.

Indwidual wires can be replaced by run-
ning & new wire around the hamess. Do
not lry to thread new wires through the
harness Attach the new wires to the har-
ness with tape or chps. Be sure to cut off
the defective wire right where 1t comes
out the harness.

Replacing Wiring

1  Since the size of winng 1s related to the
load it mustcarry. always replace a defec-
tive wire with the same gauge wiring as
the original. Never use undersized wirng
because it will overheat and possibly burn
through.

When insiallng adaitional accessories on
a vehicle. sych as extra lights. and an
existing circuit 1s used. the circuil may
have to be re »ired with heavier wire to
carry the au load.

The gauge or size of an electncal wire
depends on’

{a} Total lengtn of the wire in the circuit.
(b) Total amperes that the wire will carry.

Refer to a wire calalogue for wire size and
load carrying capacity.

When replacing a faulty wire end. it is best
to solder the connection onto the wire.
Use only rosin core <. “er. The other
alternative 1s a cririp .. wire connector.
Cnmp-on connéctions .3 okay in a clean
environment. but if thev «re used in a
corrosive area the ~on.iclions tend to
deteriorate. Cnmp-0on connectors should
be fastened with crimping pliers.
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FUSES

From the discussion on basic electricity you
remember that given a set voltage source,
such as a battery, the amount of current 1s
governed by the amount of resistance n the
circuil. You can see the current — resistance
relanonship in the formula:

_ velis

amps
ohms
As the resistance (ohms) gets greater the
current {amps} gets smaller, and vice versa.
as the resistance gets smaller the current gets
greater.

In a vehicle all electrical circuits have a
resistor of some kKind to controt the amount of
current flow. What would happen. though, o
an overload or a short circuit occurred?
Current would rapidly ncrease to the point
where the wire would burn up. To protect
agamnst such excessive amounts of current,
fuses or circuit breakers are connected to the
circuit. When the current gets beyond & safe
level the fuse blows, breaking the circuit and
stopping the flow of current

A fuse consists of a fine wire or thin metal
stnp enclosed in a ylass or fire resistant piece
of ubing Most fuses used tn industriat equip-
ment are of the smali replaceable type as
shown n Figure 8.123,

0 %_)

Courtesy ol Jonn Deere Lid

The fuses for all the circuits 1 the vehicle are
located 1n a central fuse panel whe, e they can
be easily replaced.

Points On Fuses

1 BLOWN FUSES ARE USUALLY CALISED
BY:

(a) A short circuit in the electrical circunt
caused Yy defective wiring or a
defective component {(lights. motor,
etc)

An overl.ad in the circuit caused by
a surge of electnicity passing thrcugh
the circuit.

P oor contacts i the electrical circunt

Overheatir 3 1n the ¢iremt caused by
overloads or poor contacts.

(e} Use of ncorrect size fuses n the cir-
cuit.

{f} Fuse located too near a hot area
such as an engine or a heater,

{g} Vibrations near the fuse. causing the
fuse contacts to corae lcose.

If a fuse is blown by overioading the glass
will be clear: if blown irom a short ¢ircuit
the glass will be dark,

If the fuse in a circuit repeatedly blows.
and no short circuit exists, it means that
the circuit is overloaded and is not meant
to carry the loads being placed upon it.

Always place a blown fuse with one of
the same size. Never use & fuse with a
highesr amperage raung as it may cause
serious damage to the circuit it is sup-
posed to protect.
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QUESTIONS — IGNITION CIRCUIT

Briefly slate the purpose of the ignition
system

What are the two ciicuits of an igration
system. State what each circuit consists
of and what. 1n general lerms. 1S the
voltage.

What 1s the purpose of the pnimary circunt
In the ignition system?

What occurs 1n the 1gritton coil when the
poinls open”

Self-induced voitage in the primary win-
ding of the coil i1s absorbed by the.
(a) wires

(b} battery

{c} distnbutor

(d) condensor

The gmiblon ballast resistor in  the
pnmary circuit

(a} 1s connected in series for cranking
and parallel for operation.

{b} 15 connected to bypass for starting
and series for operauon

{¢) 15 used to decrease 1grition current
dunng cranking

{d) s only required for dual rgmition
systems.

In the Igrition coil one end of the secon-
dary winding 15 connected to the high
tension terminal and the other end to the
{a) rotor

(b} pnmary winding

(¢) condensor

(d) points

How can reverse coil polarity be correc-
ted?

{a} change the battery polarity
(b} change the igribion coil

(¢} reverse the secondary wires
{d} reverse the primary wires

What three |0bs inust the distnbutor per-
form?

10 The disinbutor 1s drniven at:

(a) crankshaft spead

{b) one-half crar¥shaft speed
{c) twice crankshaft speed

(d) one-quarter crankshaft speed

The centrifugal advance mechanism
controls the spark bkming by sensing
enging:

(a) temperalure

(b) power

{c) speed

(d) oil pressure

A is used in conjunction

with a centnfugal advance mechanism to
mprove spark timing.

A ballast resistor used in the i1gnition
system smproves the Lite of the:

{a) coii

() condeénsor

{c) pomnls

(d) all the above

A spark plug:

(a) makes the spark to fire the air-fuel
mixture

{b) increases the spark intensity

{¢) controls the spark timing

(d) provides a gap for the spark to jump
across inside the combustion cham-
ber

What term is used for spark plug
operating temperature?

{a) heat travel

{b) reach

{¢) the number system

({d) heat range

What determines the heat range of a
spark plug?

{a) engine horsepower

(b} number of cylinders

{c) engine design and operaling con-
ditions

(d) whether the &ngine is a two stoke or
four stroke
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Dweli may be defined as the number of
degrees of cam motalion when the points
are . _ _

As the cam angle increases the spark
tming will

(a) advance

(b} retard

{¢) not change

What two methods can be used to set the
poInts?

What are the effects of lpose or under-
lorqued spark plugs?

True or False? Generally speaking, spark
plugs should be replaced as a set

Tiue or False? Badly fouled plugs should
be replaced rather than cleaning them,

What effect does filing the gap have on a
used spark plug's performance?

Whal s the recumenended (ool for
checking spark piug gap?

{a} flat feeler gauge

(b) siepped feeler gauge

(¢} wire leeier gauge

(d) dal indicator

When adjusiing the initial timing using a
timing hght. tt1s recommen Jed that the

engine be __ . __ and the ——__
-—er—ver. be disconnected

The gauge ¢ size of elecincal wwing
depends On

(a) the size of baltery

(b) the totzl length of the wire in the cir-
cuill

{c} the toial amperage that the wire will
camy

() both (b and (c) are correct

True or Faise? |If a luse keeps blowing
and there 15 N2 short Circwit, put in a
heavier fuse

To obtain the best possible connechion
when replacing wue ends. they should
be

{a) crnmped on
{b) pushed on
{c) soldered on

BASIC ELECTRICITY 8:81




8:82 BASIC ELECTRICITY

ANSWERS — ELECTRIC:TY THEORY 21. {a) to (¢}
1. (b) negative to positive. (b) to (a)
2 (¢} energy. {c} to (b}
3. Tre. 22. (d) red tor positive. black for negative
. agnelic field.
4. Vollage 1s the force that causes current 23 1. Strength of the m gnetic T
to flow in a conductor. 2. Thespeed at which the lines of force
are cut.
5 (&) ohm. 3. The number of conductors cutting
Voltage source. €.9.. battery across the lines of force.
Resistor. e g. light bulb 24, . |, move towards
Conductor, e.g.. copper wire 25 .. move away from . ..
7 (a) to (b
b} o (c)
(c) to (a)
E 12
8 | == — =3 amperes
R 4

9 Any substance that is a goou transmitser
of electnicity.

10 A closed circuit has a resistor 10 control
the amount of cumrent flowing 1n the cu-
cuil In ashort circuit the current lakes a
short cut by passing the resistor Since
tha short circuit has no résistor, current
becomes very hugh ard will usually burn
out the conductor {or fuse :f there is
onel.

11, .. direc DC

12. Wa" a measurement of electrical
power found k-~ Liying volts himes
amperes

13  Senes, Parallel. S«ries-Parallel
14. (c) low resistar.ce high amnerage.

15. ... magne c field. Like poles repel
unlike poles attract

16. Belh have a magnetic field surrounding
them. The stronger the currentin & con-
ductor. the stronger its magnetic field.

17. Place an iron core in the center of the
coil.

18. (d) ampere turns
‘9 Electremagnetic induclion

20 False Either the conductor moving
acr-ss the field or the field across the
: conductor will induce a current. ~
” 183




BASIC ELECYRICITY

ANSWERS — BATTERIES
(c) ftead peroxide 1n the positive plate.
negatise plate group
positive plate group
separators and connecting straps
When it is immersed in the electrolyte
() 2-volts,
True.
{d 1.270
True

{c) water

Prior to use, a dry-charged battery
retains its full state of charge provided
no moisture enters the cells, whereas a
wet charged battery requires periodic
racharging to majntain its charas

Wet-charged.

The plates are enclosed in envelopes
which act as separators.

They require less maintenance, are more
dependable and will last longer.

Temperature, battery's operating cycle.
and the slate of the battery's charge.

Cold power rating — the amount of
power of amperage that a battery will
supply for starting on cold days.

Reserve capacity — the period of tim2
that a batlery by itself (i.e., without the
generator or alternator} will supply an
adequate amount of power to operate a
vehicle’s electrical circuits.

False.

the power requirements of the
engine it musl start.

. .. self discharge.
(by baking soda
(g} water

{c) disconnect the grounded terminal
cable

() an ol Ihe above are necessary.




BASIC ELECTRICITY

ANSWERS — BATTERY TESTING
(a) a hydrometer

(d) 030

(b) 9.6-volts

fvolt

Tiue

A Joad test




BASIC ELECTRICITY

ANSWERS — BATTERY CHARGING

(b) 7 amps — 7 posilive plates and 8
nggative plates.

A slow charger because il does a more
thorough job of chemically renewing the
plates.

(b) series.

1  The temperaturé should not exceed
15C (125 F)

The electrolyte shovida't become
ctoudy with sediment.

(b} Hydrogen

False. It 1s damaging o batteries to
overcharge them

{¢) disconnect @ battery cable
{a) a longer charge

. off .
False




BASIC ELECTRICITY

ANSWERS — STARTER MOTOR
(d) mechanical energy.
True

{b} a force o be exerted on the con-
ductor

{c) movement of amagnetized core nto
and out of an electromagnetic coil.

The magnetic swilch completes the Cir-
cuit between the vatic.y and the starter
motor. whereas the solenoid not only
compietes the circuit, but also provides a
mechanrical means of shifting the starter
motor pinion into mesh with the flywheel.

(a) connect two batteries in series for
starting and in parallel for charging.

1 Transmits drive torque from the star-
ter motor to the engine flywheel

2 Provides a gear reduction.
{c} remove the battery ground strap

Centnfugal force acts on the coun-
terweight and causing the pinion to spin
into and out of mesh with the flywheel

... OVerrun . . .

... magnetic. .. solenoid. ..




BASIC ELECTRICITY

ANSWEHS — CHAKGING SYSTEM
(b) supplies all current.
(¢) a commutator and brusnes,

1. opens and closes the charging cir-
Cuils.

prevanis gvercharging of the battery.
l!mits the generator's outout 1o a safe
lirit

() diodes

(a) Limit the voltage to a safe value.

In a generator current is induced by
moving conductore through a stationary
field.

In an alternator current is induced by
moving a heid by a stationary conductor.

True.




BASIC ELECTRICITY

ANSWERS — IGNITION CIRCUIT

To take low voltage from the battery and
creale high voltage to fire the engine.

Pnmary Circuit -~ agnition circuit,
primary winding in coil, points and con-
denser. low voltage,

Secondary Circuit — secondary winding
in coll, distribution cap and rotor and
spark plugs: high voltage.

To create and collapse a magnetic field
in the igmiion coil.

The magnetic field created by the
current flow lhrough the primary winding
collapses across the secondary winding
inducing a high voltage in the secondary
winding.

(d} condenser

{b) IS connecled to bypass for starting
and senes for operation,

(b) pnmary winding
(d) reverse the primary wires

1. opens and closes the primary circuit,
2 umes the high vollage surges.

3 delivers the current to the spark
plugs.

{b) one-half crankshaft speed.
{c) speed

.. vacuum advance . ..
{d) All of lhe above,

(d) provides a gap for the spark to jump
across inside the combustion chamber.

{d}) heat range

(c) engine design and operating con-
ditions.

.. closed,
(b} retard

Use a dwell meler 1o set the cam dwell,
or a feeler gauge 1o set the point gap.
rhe dwell meter is the most accurate
method.

Poor heat transfer which will shorten
plug life.

True.

22,
23.

24.

“s‘

26.
27.
28.

True.

Filing reduces the vollage requirement to
send a spark across the gap.

{c) wire feeler gauge.

...idling ., .vacuum line to the advance

{d) both (b) and (¢} are correct.
False.

{c) soldered on.




BASIC ELECTRICITY

ELECTRICITY TASKS
BATTERIES

Proventive Maintanance On Balteries

1.

Safely use jumper caébles to start a
vehicle.

2. Completely service a battery:

{a) Remove the battery using correct
tools and safety procedures.

{b} Clean the battery with baking soda
and water and dry off the case.

{c} Check the water level and add water
i low.

{d} Test the battery as accurately as you
have equipment for. If you have abat-
tery test meter. follow the rreter's
operaling instructions.

Charge the batie-v. Get experience
using both slow and fast chargers.

Install the battery ensuring that the
battery box and hoilddown are in
good condition.

STARTING MOTOR AND GENERATOR

Safely

1.

Practice safety by disconnecting the bat-
tery before working on any etectrical com-
ponent to prevent short circuits.

Routine Maintenance Check

1.

Check the condilion and tension of the
generator belt(s). |f necessary adjust the
tension. If the belt(s) are not serviceable
install and adjust a new onels).

Check the condition of the generator
pulleys, and repair or replace, if
necessary. Check pulley alignment.

Service Repair

1.

Remove and install a starter motor and a
generator uvsing the correct tools and
procedures outlined 'n the service
manual.

IGNITION SYSTEM

Service the spark plugs on an engine.
Remove the plugs. clean, gap and rein-
stall them, or if the plugs are not ser-
viceable replace them with ones of the
correct type and heal range as stated in
the service manual. Using a torque
wrench. tighten the plugs to the torque
given in the service manual.

If ignition testing equipment is available,
check and adjust dwell and ignition timing
to the specifications stated in the service
manual.

Get experience working with electrical
wiring:
(a} Select correct wire sizes.

{b) Solder wire ends using rosin core
solder.

{c) Fuse circuits for a safe amperage
draw.

(d} Install a light or similar electrical
component, @nsuring it has good
grounding.
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WINCHES 9:1

TRACTOR MOUNTED WINCHES

A tractor mounted winch (Figure 9-1) 18 & sim-
ple gear reduction assembly mounted at the
rear of the machine. By using cables, these
winches can reel In heavy loads or hold the
loads while they are dragged The winches
are driven either by a:

1. Live power lake-off (P.T.Q) shaft (Figure
9-2} from the torque converter

2. Live PTO. shaft from a manual trans-

mission (not common today)

3 Hydraulic motor.

CONTROL LEVER

HYDRAULIC
PUMP

(8-1)

Cournesy of Hyiler ComPany

+

Drums on winches are large. spool-shaped,
steel castings. They're driven by the winches
reduction gearing {(Figure 9-3). Cable (wire
rope) is attached to the drum and is wound
onto the drum's surface or lagging.

DRUM

=
=
=

\\

R

REDUCTION
GEARING

Conytont mesh pear troin (9'3}

Courtesy of Carco Winch Producls

Most crawler tractors have single drum win-
ches However. some special application trac-
tors will use two or more drums and each
drum will have its own controls. For example.
mulliple drum winches would be usec on a
tractor doing yarding work in logging or on a
tractor working in electrical transmission line
construction. The discussion N this manual
himits itself to single drum winches.
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9:2 WINCHES

Cable may be wound onlo the drum 0 one of
two ways overwind or underwind Cverwind
winds from the top of the drum and un-
derwinds from the bottom {Figure $-4)

UNDERWINDING
(5-4)

Counesy of Myster Company

OVERWINDING

{9-4)

Courtesy of Hysies Company

Performance and Spacifications
PSIPSM [Power Shift/Fower Shit Manual)

There are advartages and disadvantages in
both ways of winding. Overwind hilts the load
so 1t doesn't dig in. bul when loads are heavy
this IHbing can cause the tractor lo rear. Con-
versely, underwing gives a straight pull that
won't cause the tractor to rear Dbut |he load
will have a tendency to dig in. Unless an un-
derwind 15 requasted. winches come from the
faclory set for overwind.

1t 15 a major job to change from overwind (o
underwind or vice versa. Internal changes to
bolh the winch gearing and the line position
have to be made. Also. if the machine has an
automaticaliy applied mechanical brake. 1t too
requires alterations.

TRACTOR WINCH HATINGS

Tractor winches are rated according 10 their
“ne pull” and their “hne speed”. Line pulf
means the maximum amount Lin kilugrams or
I1bs.) of pulling streagth a winch can exert on
its cable. while line speed 15 simply the speed
at which the cable travels faster. Line speed
will vary with the tractor horsepower. the size
of the drum. and the layers of cable wrapped
around tha drum (1 e.. cable travels slower as
more ol it wraps around the drum} Drum size
{1.e.. cabie capacity} 1s anolher factor n rating
a winch. One manufacturer's ratings or
specifications for s different winch models
are shown n Figure 9-5

(9-5)

LINE SPEED ORUM
APPROXIMATE | BARE DAUM | {depanding on CABLE CAPACITIES DIMEHSIONS
MODEL SHIPPING WT | LINEPULL | acior P} PawTaw ) s T [ W Jow [w | & | B8 ( €
E40 94, Drum 242710 00w | SO0 S0 IPm O H 236 1 (00 1 [44d 1t thin 1%in [12%in
F.50  HKCap. Dyum| 427 1 000010 | 10150 1pm 20511 [305 h [¢20 00 [800 1t s 130 [1I3%in
- % ] $td. Drum| 4w 80.000 1 5010 150 1pm 185t 1250 11 |40 41 [475 8 20 2200 [10%m
G800 W-Cap. Brem 32541 80.00010 { 5010150 Ipm 250t (15 11 (42011 15750t g |22 0 I
4 0 S1d. Drum| 405610 120000t | 5010 150 ipm 1165 1 §200 tt {270 11 [360 1 in [24en 1210
J120  HiCaP. Drum 4056 1 12000010 | 50w 150 tpm | 225 1 {200 ot Japo o [S25 1 100 {2418 140
-I-'
NOTE Pogormence higures baged ON Dawsr takeoft 81 full angme
throitle Winch hine speads will vady with 101Qus Converter ]
owiPul which 12 dapendent on #ngine load and sPsed A

Courntesy of Carce Winch Products
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TYPES OF SINGLE-DRUM
TRACTOR-MOUNTED WINCHES

There are three main types of tractor-mounted
winches

1. direct drive — sliding gear

2. power shift — hydraulic control constant
mesh gear

3. hydraulic dnive

Direct drive and power shift winches are
driven by the tractor engine through use of a
P.T Q. shafl. A hydraulic drive winch is driven
by a hydraulic motor.

DIRECT DRIVE SLIDING GEAR

A simpirfied view of a direct drive shding gear
winch is shown in Figure 9-6. A direct drive
winch has no clutch. Before the winch can be
shifted. the master clutch between the engine
and transmission has to be disengaged so
that power to the P.T.O. shaft is interrupted.

PTOSHAFT

BEVEL GE AR

BEVEL GEAR SHAFT
2ND AEDUCTION PINIDN
2ND AEDUCTION GEAR
BAAKE SHAFT
INTERMEOQIATE PINION
INTERMEDIATE GEAR
DRAUM PINION

10 ORUM GEAR

11 DAUM

12 INTERMEDIATE piINION
13 CLUTCH

td SHIFTERSHAFT

15 BRAKE WHEEL

(9-6)

Courlesy of Hyster Company

W~ T b k-

Figure 9-7 shows the power flow or gear
movement when the winch is in neutral. for-
ward and reverse. The shaded gears and
shafte are moving. the unshaded ones are

stationary. The gear posilions would be
mechanically actuated by a shift lever afler
the engmne clutch had interrupled power to
the P.T.Q. shaft. Note that free spool for quick
wind out can be obtained by ieleasing the
brake when the winch is in neutral.

{9-7) REVERSE. DIRECT DRIVE

Courtesy of Hyster Company




9:4 WINCHES

Other points about direct ¢.ve winches

— Lubrication is by sptash. The winch
case or housing serves as the ot reser-
voir and it has drain, fill. and o ‘tevel

plugs

— Line pull power 1s controlled by the
engine speed.

— Brakes tor these winches arg usually
an external contracling band.lype
located oulside the gear casz n a
separale compartment. The band cor-
tracts arQund a gear shaft, thus holding
the gear and stopping the drum from
turning. The brake is a dry-type anu is
controlled by a lever beside the shift
lever {(Figure 9.8).

) (I.,:.-u:q,.

5
Y,

Countesy ot Carco Win~h “raducts

POWER SHIFT WINCHES

A power shill winch has wirtually the same
drum and set of gears as a direct dniv2 winch.
Both winches are driven by a fwe P.T.O shaft
Where they differ is 1 the way Lh.at the win-
ches are shiftes To shift a direct Jdrive winch
the engine masler clutch s disengaged and
Lhe winch s shidn.g gear 18 mechamcally shif-
ted. Power shift winches., on the other hand.
have hydrauhcally activated clutch packs and
conslant mesh gears for shufing. Two clutch
packs are used. one forward and One reverse

A hydraulic pump. locaied eilher outside or in-
side lha winch supplies the pressure and flow
to operate lhe ciutch packs. Power shift win-
ciies have |he advanlage over direct drive
winchas of being able to winch-in or winch-
out while the machine is moving. Figures 9-9
and 8-10 show power shift winches.

Power shift winches have either a single or
double lever conlrol The dcuble lever modsl
has one lever for shifting inlo forward. reverse
or neulral and anotner lever Lo apply lhe
brake A single lever model carries out all of
these operations wilth one lever- the brake is
apphed a1lomatcaliy when the lever ismoved
frum forward or reverse to neutrs). and vice
veila. the bigke 1s relezsed when Lhe lever is
moved from neutral 10 ane of the gears. On
both models the shifting lever aclivates the

EXTERNAL
CONTRACTING
BAND

hydraulic control valve which sends hydraulic
pressure 1o apply one of the multi-disc clutch
packs. The ciutch packs then set the constant
mesh gears n & forward Or reverse mode.
Generally, brakes on power winches are
spring appiied and hydraulicallv released The
brakes are exiemal contracting band or multi-
thsc,

Power shift winches. tike direct drive winches,
can free spool. Some manufacturers offer an
optional free spool lever whicn Operates a
disconneact gear that allows cable (o be freely
drawn from the drum. In the case of a single
tever power shifl. the lever has a free spool
position where the winch i1s 1n neutral and the
brake is not apphed. Figures 98 and 9-10
show power shift winches. note the clutChes
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The hcusing of bolh powerstufr -4 direck
drive winches serves as an oh “ervoIr
However. lubri.auon 15 only partly by sg.ash.
The remamder of the lubrication (and cooling)
18 carned out by pressure fed oif The ol 18
pressurized from 2n enging dr.en pump.

1 PTOSHaFT

} AEVEL SEaR -

3 BEvit GEAn , -AFY N (9-9)
4 IND REDOCTHOM BN Power Conirolled
% INOREDUCTIOINGE AR =

& BRaKE SHIAF,

T OINTERME ATE pINeON

8 WWTIERMEIATE GE AR

9 Ofga PHOION

10 CRUM GEAR wex - wi2d

YT fhge

W2 NTERMEDraTE PION

13 00 LLgTChH

14 hL BRAKE
15 LONTROL vaLvE

L)
o

Courtesy ol Hyster Company
SUCTION

STRAINER

RETURN FILTER
SOLID BAR
CABLE GUARD

MULTIPLE DISC
FRICTION CLUTCHES

CAST STEEL CASE -~

(9-10)

SINGLE LEVER

CONTPOL (3 A
11

HYDRAULICALLY
PRESSURE LUBRICATED RELEASED BRAKE -
BEVEL PINION

Courlnsy of Carco *hnch Products
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HYDRAULIC WINCHES

Hydraulic winches can e installed on any
vehicle thal has an adequate hydraulic
system They are not imited to crawlers. The
main advantags of a hydrauhc winch over
F T QO shait-tiriven po-wer shift and direct drive
winches is that the hydraulic winch can be
mounted wherever ycu wani it providing that
hydraulic lines ¢an be connected to il

Two 'ypes of hydrauhc winches, shiding gear
and planetary, are ‘'llust’ated in Figures 9-11
and 9-12 and are discussed below.

radic
Hyd 2unc Motor-—\-- ;a
reversibie 16 Vo
provide 2 sPeeds ‘k 3

In each

Tl A,
winch drection K‘;— -

Duail Conircls-
separale hrake
and shifi levers
for posilive
control

The shding-gear hydraulic winch works the
same as the direct drive model described
eariier. The only difference 1s that it's driven
by a hydraulic motor rather than by a P.T.O.
shaft. The hydraulic motor is dniven by a
hydraulic pump mounted on the enging. The
planetary model shown here has iwo
planetary gear sets, one 1n the primary drive
housing and one i the hinal drive housing,
The prmary drive housing contains a
hydraulic motor which drives the sun gear of
the primary reduction gear set The ring gear
1s held by a spring-applied brake, and output
power is transmitted by the planet carrier to a
shaft which passes through the center of the

Solid Bar Cable Guard

Cast Sieel Case

Manual Brake with
. reversible band
o ) Optional

~_ Overrunning Brake

{9-11} SLIDING GEAR HYDRAULIC DRIVE WINCH

PRIMARY
PLANETARY
REDUCTION

HYDRAULIC
GEAR
MOTOR

Courtesy of Carco Winch Producis

REDUCTION

WINCH BARREL

{9-12) PLANETARY HYDRAULIC DRIVE WINCH

Counesy of Gearmatic Company
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winch barrel to the sun gear of the final
planetary reduclion. The ring gear in the final
planetary 1s also held. The planet carner is
connacted directly to the winch drum by a
splined hub and thus transmits power to the
drum In this planetary arrangement a double
reduction 1s obtained Note that the planetary
gear sets operale in either direction depen-
ding on which way the hydraulic motor is
dnven

Two types of brakes are used on this
planetary winch. one brake permits & bigh
reverse ling speed and the other gives a
uniform hine speed in both reelan and reel-out
direchions. Lubnication 1s by splash. as 1t 1s 1n
the shding gear hydraulic winch.

Hydraulic planetary winches are very COMMOon
and are avalable in a vanety of sizes and
capacities.

Winch clutches. brakes and hydraulic systems
are descnbed below,

WINCH BRAKES
There are two man types of winch brakes:

J-120-PSC
OPTIONAL HEAVY

OUTY BRAKE
SYSTEM

1. External contracting band brakes
2. Multi-dhsc brakes

EXTERNAL CONTRACTING BAND BRAKES

External contractng band brakes are the
same type of brakes that are used for crawler
steenng. The band brake works 1 COR-
[unction with forward and reverse gears
gwing control over the load when il is being
raised or lowered. Some band brakes are
manually applied with a separate lever,
whereas others are applied automatically.
Automaltic brakes are usually spring-applied
and hydraulic-release. Hand applied brakes
are used where more accurate winch control
1s desired. In the powershift winch in Figure 9-
13 the automatic band brake is shown on the
winch. while the manual brake 15 inset. Note
on the automatic brake the hydraulic release
cylinder and the large brake apply spring.
Also note the optional heavy duty brake just to
the leit of the large gear driving the drum.
Some winch models offer dual braking for ad-
ded safety and load control. This second band
brake is lever applied.

Optlonal Henvy
Outs Braka

Optlonal

{9-13) STANDARD MAHUAL BRAKE SYSTEM

Courtesy of Carco Wwch Producis
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AUTOMAYIC BRAKE OPERATION

AUTOMATIC BRAKE ON
POWERSHIFT WINCHES

The brake s apphed n neutral position
(Figure 9-14) When the control lever 13 moved
away frc  ~eutral. eithe* {o reel-in or reel-out
position. ol pressure 13 fed to the brake
reiease cylinder to release the brake At the
same ume ol 1S sent to the clutch packs to
engage the clutch, Moving the conirol back to
neutral simultaneously releases the clutch
and dumps oil from the brake release cylinder
allowing the brakes to be Spring applied The
brake itself can eilher be a contracling band
or multr disc

Couresty of Carco Winch Products

AUTOMATIC BRAKES ON DIRECT
DRIVE WINCHES

One manufacturer of winches, Hyster, has an
over-running brake referred to as automatic.
This brake 15 offered as an option lo the stan-
dard brake band. |ts operation is shown in
Figure 9-15 and described below.

PAWL BRAKE WHEEL
ASSEMBLY IS5 HELD STATIONARY
BY BRAKE BAND

DIRECTION

HUB AND PAWL
ASSEMBLY '?I'I?EE
DRIVEN BY
0.15) S'OE VIEW  CRWEN YT
Courtesy of Hyster Company

RATCHET
REEL

BRAKE WHEEL
RATCHET RING

The brake wheel is held stationary by a brake
band that ts applied with a lever. The hub is
sphined to a driven shaft. and the hub and
pawl assembly rotate around the inside of the
brake wheel railchet ring. When cable 1s
reeled n, the panel slides over the ratchet
rnng When the control is moved from reel-in
to neutral. the pawl engages with the nearest
ratchet tooth and locks the hub lo the brake
wheel automatically stopping any further feed
out.

If cable reel-out or free spool 1s desired the
bend brake 15 released by the brake lever.
When the band 15 released. the brake wheel
will revolve with the engaged pawl assembly
and the cable will feed out,

This automatic brake can be used for un-
derwind or overwind. Overwinding is stamped
on one side of the brake assembly. and un-
derwinding on the other side (Figure 9-16).

LAl

Courtesy ol Hyster Campany
The assembly must be installed on the brake

shaft so that the desired wind faces outward.
Also. the brake wheel must malch lhe wind.
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MULTI-DISC BRAKES

Some models of winches are now USIngG an o1l
cocled multi-disc brake similar 1o that in
Figure 9-17. This disc brake is spring-applied
by the bellewille spring and hydraulically
released When the traclor is stopped. or the
winch control is in neutral. spring pressure
applies the brake by squeezing the splinded
discs of the pack together against a pressure
plate. When the control 15 moved 10 reel-in
(forward) or reel-out (reverse), oil pressure is
applied to Ihe p1ston and releases the brakes.

9:9

FRICTION DISC,
(11 REQ'D}
PRESSURE

PLATE

CAGE

THRUST )
RING
COOLING -
OIL LINE .
)
U
COVER
HUB
!
L)

BELLEVILLE
SPRING

PISTON

HOUSING

]

USH ROD

SEPARATOR PLATE

{10 REQ'D)

5 PRESSURE INLET
y ) S FITTING
L]
COOLING OIL
OUTLET
{4 PLACES}
(9 17) Courlesy of HYster Company
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POWER SHIFT CLUTCHES

Clutch packs used tn powershift winches are
similar to those used in powershift trans-
missions and in crawler steering clutches
The packs are mulii-disc made up of exter-
natly sphned steel discs alternatng with m-
ternally sphined. iined discs (Figure 9-18) The
size of the pack its chameter and thickness. 1s
dependent on the size of the winch Clutch
packs lor forward and reverse are usually
identical on larger winches. but on smaller
winches the packs for the two gears can vary
In s1Ize Winch clutch packs are hydraulically
apphed and spnng released

CLUTCH DISCS

Besides lubncating the gears, oilin the winch
housing also acts as a hydrauhe fluid lo apgly
the clutch packs. Winch ol 15 usually the
same type as Ihat used in the tractors trans-
mission. Ol pressule for the winch 15 usually
supphed by an enging driven pump (Figure 9-
19). Hoses connect the pump with the winch,
When the engine 1s rnmning. the pump Cir-
culates pressunized ol through the control
system lo apply the clutches and release the
brake and also {o lubricale the winch. Nole
that the winch housing acls as a radiator lo
cool the oIl as well as acting as the ol reser-
vOIr

(9-19)

CLUTCH
PISTON T |

SPRINGS

—!L N

=

.

—=-

/// o\

e e bl

L] R
T =
bk, R

{9-18)

Coustesy of Hyster Company

HYDRAULIC PUMP
DRIVEN OFF THE ENGINE PTC

Counesy ol Hysier Combany
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Figure 9-20 shows a winch hydraulic system.
Note the suction and pressure filters which
pretect the pump, control valve, clutches and
the rest of the system from any contaminants
i the o Alse note the rehef valve which

regulates oil pressure n the system (9.20)

REVERSE
FORWARD
PRESSURE PRESSURE
AND COOLING ANC COOLING

TOPRESSURE OlL LINE DIt LINE

FILTER

PRESSURE
FILTER

OIL RELIEF

VALVE
REVERSE

CLUTCH
ARIGHT HAKD}
&Ik LINE

i
BRAXE
ASSEMBLY

oums
VALVE FORWARD
CLUTCH
ILEFT HAND?

Courtesy of Hyster Company

A recent change in winch design by one
manulfacturer inctudes the hydraulic pump as
part of the winch unit. The pump 18 located in-
side the winch housing and 18 ¢(riven by the
PTO shaft (Figure 9-21).
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The advantage of a winch with a self-
conlained hydraulic pump 1s that it eliminates
the need for hydraulic hnes helween the trac-
tor and the winch (hus greatly simplifying
removal and instatlation procedures
(especially on machines using other back-end
equipment such as a npper) The only hnes
from the winch to the traclor are a contro
cable and a gauge pressure ine Ehminaling
the hydrauhc tnes means that there 15 no
chance for a suction hose leak and much less
chance of contaminating Lthe ol when
removing and nstalling the winch

WINCH OPTIONS

A high capacity drum and a fairlead {(Figure 9-
22) are two examples of options offered for
winches A bolt-on fainead permits the cable
1o be reeled-in at an angle without damaging
the cable.

{9-22) High-capacity drum
Couresy of Carce Winch Praducts

(9-22} Three-roller fairlead

Courtesy of Carco Winch Producis
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QUESTIONS — TRACTOR MOUNTED

WINCHES

List the three methods used to dnive trac-
tor mounted winches

Cable may be wound on a drum 11 one of
two ways

{a) Leil or rnght.

(b} Tight or loose

{¢) Forward or backward

(d} ©Overwind o/ underwind.

True or False? Overwind hifls the toad so
that 1t does not dig In. but on a heavy

load Ihes Iifting can cause the tractor to
rear

Winches are normally shipped from the
factory set lor

Tractor winches are rated by the

{a) Line speed.

{b) Size ol drum

(¢) Line pull in (Kilograms or 1bs.).
{d) {a). (b) and (¢} are all correct.

List lhe three common types of tractor
winches

To shult gears on a shdwng gear. {ractor
mounled winch the
(a) Engine must be slowed down

(b) Tractor's master clutch musl be
disengaged.

{¢c) Tractor must be moving.
(d} Transmission musl be in gear.

How are gears shifled in a powershiit
winch?

Both sliding gear and powershift win-
ches depend mainly on a __

system for |ubrication.

What 15 the mam advanlage of a
hydraulic winch over a mechanical drive
winch?

The two common types of krakes used
on winches are

(a} Hydrauhc and air.
(b} Dis¢c and shoe

{¢) Band and muli-disc
(d) Band and shoe.

12

13

14

15.
16.

9:13

On a powershift winch equipped with a
single lever contol. the brake will be:

(a) Spring-applied and spring-released.

{p} Hydraulic-appled and $pring-
rf leased.

{c} Spring-apphied and  hydraulic-
released.

(d) Hydraulic-apphed and hydraulic-
released.

On a direct drive winch with an
autlomatic ratchel and pawl brake. the
operator may. without releasing the
brake.

(a) reel-n.

(b} reel-out

(¢} do neither.

Besides housing the components and ac-
ting as the ol reservoir. what other im-

portant funclion does the winch housing
perform?

What 18 the function ol a fairlead?

What are the two mam hydrauh¢ com-
ponents that are needed to drive a
hydraul¢ winch?
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PREVENTIVE MAINTENANCE SERVICE
OF TRACTOR MOUNTED WINCHES

SCHEDULED MAINTENANCE CHECKS

The locauon of the winch often hinders ils
maintenance. being situated by itself at |he
back of the tractor. it tends to get forgotten A
winch. like any other gear component.
requires periodic inspection of the unit and oil
level checks and oil changes Scheduled oil
changes are necessary because after a winch
has worked a complete shift, its housing Is
warm, and when the machine is shut down the
housing is surrounded by cool. night air. This
cool air causes condensation to form in the
housing thereby contaminating the oil. If this
waler-contaminated oil is not changed at
regular intervals. damage such as premature
bearing failure or faulty hydraulic control will
QCCur.

WINCHES

Following s an example of a Preventive Main-
tenance Table (Hyster Company) for beth a
direct drive and a power controlled winch.
The table has two schedules. an hourly
schedule and a daily-weekly-monthly
schedule, if Ihe winch s operaled more |han
eight hours a day the hourly schedule should
be followed. If the winch operates eight hours
or fess a day the daily-weekly-monthly
schedule should be used. The alphabetical
letters In the table refer to letters in Figures 9-
23 following the table.

SAFEGUARD MAINTENANCE AND SERVICE INSPECTION SCHEDULE

SCHEDULE (Hour/Penod}

ar
dy

2000/
1 yr

50/
wk

500/
3 mo

1000/

ITEM 6 mo

QUAN

TYPE PROCEDURE

1l Level
(Direct Drivel

v

18 Gals

SAE 90 Mib-L-
21058, lor tem-
peraiures above
+10°F SAE 10.
MIL-L-2104B. or
MIL-L-45199
Senes 3, lor tem-

Check_winch on at level
plug on nght side ol
winch  Add ol as
required a plug (B).

Drain ol at plug@and(®).

NOTE When  checking
winch ol level on win-

peratures +10°F
and lower

Ol Level
{Power

Controlied)

mOZrr IO

20 Gals

Automatic Trans-
mission Fluid
“"DEXRON', lor
temperatures
above - t0°F
SAE 5W. MIL-L-
21048, or MIL-L-
45199 Senes 3.
for temperalures
I0°F and lower

ches mounted on power-
shifi tractors stop engme
to obtain correct reading
For winches mounted on
direct dnive tractors.
disengage iraclor master
clutch o obilain correct
reading

CAUTION. If winch 15
néw or overhauled dramn
after 50 hours of
operalion. then flush
refrll. replace pressure
liter elemen! and serwvice
suction filter

Brake and
Transmission
Compartmenis
(Dwrect Drvel

Vanable

Water and o1 ol

Remove Diug@and drain
any accumulation ol
water of o1l in brake com.

artment  Replace plug
. Loosen piug and
dran any accumulation
ol water in a heavy lilm ol
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SAFEGUARD MAINTENANCE AND SERVICE INSPECTION SCHEDULE

ITEM

SCHEDULE (Hour Pencd)

8 | 501500, |i000 | 2000/
dy | wk |3 moj6 mog 1 yr

TYPE

PROCEDURE

Autoinatic
Brake
{Qptional
Direct Drive
Cnly) ICont )

Mobil Ol
(Mobil-temp
Grease #i)

Shell Ol
{Darina Grease 1)

Standard Cnl
{Chevron indus-
inal Grease!

Texaco (Ther-
matex EP #1}

Union On
(Strona HT-1}

Sun Ol (Suna-
plex 991 EFf}

BP AyStrala
tEnergrease
HTB2)

high temperature grease
on ratchet nngd. pawl
assembly. and hub DO
NOT completely il
auviomau¢ brake assem-
bly wilh grease or at-
tempt (0 grease brixe
through the vent plug.

CAUTION Always inStatl
o1l seals so that 'ps of
bolh Seals are pomnting
inward

Cable Guide
Reolls
iOpuonat

Mulli-purpose
Grease

Lubncate two grease
fitlings (G),

Fairlead
{Cptional

Mult-purpose
Grease

Lubricate Six grease
fitting$s @

Swiveling

Drawbar
(Cptionaii

Mul-purpose
Grease

Lubncaje one grease
fittng Y}

PreSSure
Eilter {Power
Controlled
Cniy)

moOZ2r IO

Refer to Parts
Manual

Replace with HySter ap-
proved filter element (k).
Coat O-nn@ and backup
nng with mulli-purpose
grease 1o ensure a leak
proof seal between fiter
and case

Bevel Gear
Shaft Lockaut

Refer to Pars
Manual i neces-
sary o replace
lockwasher

Pry lockwasher lang$s
away from locknut flats
and retrghten 1ocknul to
200 fi-Ibs torque Bend
IockwaSher tangs$ over
1ockaut flats tranSmiSSion
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SAFEGUARD MAINTENANCE AND SERVICE INSPECTION SCHEDULE

ITEM

SCHEDULE (Hour Penod)

8 {50
dy wk

500/| 1000

3 mole mo |1 yr

2000

PROCEDURE

Brake and
TranSmission
Compartments
(Dwrect Drive)
(Cont}

compartment Tighten
plugiCiwhen ol appears.

Handling Gear

Lubricale fulCrum PR
conneclions and other
moving parts at end of
each ewght hour shify

Sucthon Filter
{Power Con-
trolled Only)

Reler 10 Parts
Manual

Remove suction hiter @
clean thoroughly. and
remstall

CAUTION If winch 1S new
Of overhauled. remove
Suchon hlteréafler frrst
50 hours of operalion.
ctean i{horoughly and
remnstall

CAUTION Sucuon
marifold cover gasiet
must be 1/ good con-
dition 1o prevent air
leaks Replace wilh
Hyster approved gaskel

Suction Hose
Clamps

iPower Con-
trolled Oniy)

Check both ends of suc-
tion hose t0 $ee that hose
clamps are TIGHT
Relighten hose clamp$ as
necessary

Conirol Cables

Check boinh ends of each
cable housmng 10 see that
they are Securely an-
chored Relghten set
screw U-boll, of bracket
bolt as apphcable Check
wiich end of power con-
wol cable lor condition of
roll gy anchor

Automatic
Brake
(Opuonal
Direct Drive
O b}

High tempera-
ture grease as
follows

Atlaniic Rich-
hetd (Thermo-
grease)

Remove aytomahic brake
assembly{F ) Disassembie
and clean aulomablic
brake assembly com-
ponents Pack lhe iwo
bearings with a ugh i1em-
perature grease
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(9-23)

' ' . TRANSMISSION
A C) DRAIN PLUG

[

BRAKE COMPARTMENT
DRAIN PLUG 0 {OPTIONAL)

1

woK
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Figure (9-24) shows the two filters and thewr
locations on one model of winch. When
replacing fiters. be sure to clean the
housings thoroughly and nstall new seal
rnngs Also check for leaks after start up

Service Instructions

O-RING

BACHK-UP RING

FILTER ELEMENT
FILYER CASE—

SUCTION FILTER PRESSURE FILTER

{2.24) SUCTION AND PRESSURE FILTERS, POWER CONTROLLED WINCH

Courtrsy of Myster Company

et g . o 3t ke g i ot
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WINCH ADJUSTMENTS
DIRECT DRIVE WINCHES

Direct dnve winches require penodic (1)
tightening of the brake to compensale for nor-
mal runaing wear, and (2) minor adjustments
to the conirol inkages These adjustments
can be made quickly Below are examples of
typical brake and linkage adjustment
procedures

2 Loosen cable rod-end jam put

3 Adjust the control cable at the winch con-
trol housing-end until dimension C 15 ob-
tained [(distance between the cable-end
and the centerline of the rod-end pin).

Tighten the jJam nut

Push the Brake Handlever (o the Iull
release position.

Adjust the push-pull cable al the Brake
Handlever end untul dimension D 1s ob-
laned Tighten jam aut,

(9-25) BRAKE BAND ADJUSTMENT
D1AGRAM DIRZCT DRIVE WINCH
Cournesy of Hysier ComPany

To adjust the brake band. procec as follows
(Figure 9-25)

1 Remove the small brake cover from the
I~fi-hand side of the winch

Push the brake handlever 1o its full
release position

Loosen jam nut A

Turn adjusting hink B yntil there 1s ap-
prosimately 1 32-inch clearance between
thre brake tand and brake wheel or untl
there ts just enough clearance lo prevent
‘brake drag’

Tighten jJam nut A

Heplace the brake cover

To adjust the positioning of the Brake Hand-
lever. proceed as follows (Figure 9-26)

1 Adjust the brake band.

A=25/m8" B=15/16" {=1-1/8" [=4-3/4"

{9-261 ADJUSTMENT OF BRAKE LINKAGE
DIRECT ORIVE WINCH
Courtesy of Hyster Company

POWER SHIFT WINCH ADJUSTMENT

Power controlled winches require (1) ad-
justmerls on mechan.cal parts such as band
brakes (note muli-disc o1l controlled brakes
cdon’t need adjusting) and (2) pressure checks
and adjustments on the hydraulic sysiem
Check service manuals lor checks and ad-
justments or, individual powershift winches

Figure 9-27 gives an example of the pressure
checks called for by one manufacturer. These
checks wouid be done with the hydraulic test
box described earlier to test crawler brake
and clutch hydraulic controls. If the pressure
at any point 1s not within the allowable limits,
the service manual will list the likely causes
and stale what service repais would have to
be done to correct the problem. Always make
these pressure lests to locate the probelm
before removing a winch, It's quite likely the
winch may not have to come off.

<12
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Service instructions

PRESSURE, PSI

PRESSURE
PDRT

FORWARD

NEUTRAL

REVERSE

BRAKE
OFf |

A

220 {1 10)

35 MAX.

220 (210)

220 {15}

220 (£ 10}

25

2.5

2:5

25

25

220(x10)

25

220 (2 10)

25

220 (210

220 (£ 10}

15-30

10-13

15-30

15-30

HY DRAULIC
PUMP

SUCTION MANIFOLD
WITH SUCTION
FILTER

COOLING OIL
RELIEF VALVE

oL

BRAK

PRESSURE
FILTER

PRESSURE LINE

BRAKE PRESSURE
LINE

REVERSE
OIL CLUTCH

FORWARD
OIL CLUTCH

CLUTCH
PRESSURE LINE

wil2e

(9-27) HYDRAULIC SYSTEM PRESSURE CHECKS Couresy of Hyster Gompany

RFMOVAL AND INSTALLATION OF
TRACTOR MOUNTED WINCHES

To remove a Iractor mounted winch follow the
step by steP procedures outhined 0 the ser-
vice manual. Because of their weight, safety 1s
a mam concemn when removing winches. The
average winch will require a hfing device
with a8 mimmum caPacity of 3000 Ibs. (1360.8
kg} Cleanliness 1s also an imporian! concern

m winch removal. for example. bafore un-
bolting the winch clean the winch and tne
rear of the tractor to prevent dirl from entening
the winch NousSing or the tractor transmiSsIOn
case Another ¢clean work practice 1s to cover
the opening in the rear of the traclor after
removing the winch and PT O shaft Tymcal
removal procedures for a Powershift Winch
are gwen in Figure 9-28,




Q

IERIC

1A FullText Provided by ERIC

STEP

WINCHES 9:21

Note that removal of the winch’'s pumyp from
the tractor regquires a separate set of
procedures that will be found 1 the service
manual

If winch 1s to be disassembled the
cable must be removed. Use ex-
freme care wnen removing the
cable-end ferrule from the drum
When the cable lock 15 renoved,
the cable may spnng out wth ex-
treme force.

Warning:

vIEW FROM TOP OF WINCH
INTA}/(E MANIFOLD

pump [
PRFSSURE

LINE \(\iﬁ

CONTROL
CABLE —,

GAUGE

PRESSURE
LINE

ARemove suction hose Intake
mamifold Disconnect pump pressure
hne Disconnect gavge pressure hina

from

CONTROL
VALVE

CONTROL
CABLE  pjy

\ / »

CAPS?&'

5] =
CABLE —==H  [—F w4
BRACKET/ -Lh
ROLL PIN —. Y,

i

TTY T

ees .

i
|

STEP 2 Remove access cover plate Remove cot-

ter pin and delach blade end ol control
cable from control valve spool clevs.
Remove capscrew holding cable bracket
to housing. and puill out contral cable I
necessary 1o remove cable bracketl
remove rotl pin.

(9-28)

7/8-IN UNC

x 2 12N

(63.50 mm) \ §]

CAPSCREWSY

(2 REQD).
.

3000 ths.
{1360.8 kq)
_ MINIMUM

STEP 3. Connect lifting device to winch.
winch will be balanced when connected
as shown.

STEP 4. Drain the oil rom the winch,

SUCTION

MANIFOLD ¢ COVER

2 REQ.
INSIDE}

2ReQ”
(OUTSIDE) “o_
NOA

L}

s

(OUTSIDE)

MOUNTING
PAD

STEP 5. Remove suchon manifold and cover

Remove the eight nuts and lockwashers

attaching winch to mounting pad.
When removing the eight nuts. 100sen
all nuts shghtly. then pry winch away
from mounting pad. Loosen all nuts
again and pry winch again. Continue
this segquence unbl winch can be
removed.

NOTE"

Countesy of Hyster Company
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QUESTIONS — MAINTENANCE AND REPAIR
OF TRACTOR MOUNTED WINCHES

True or False? Because of |he heavy
weight of winches, safely 1s a main con-
cern when removing lhem.

what 1S the main source ol ol con-
taminalion on lraclor mounted winches?

H a winch 1s operaled for less than eight
hours @ day. what mainlenance schedule
1Is recommended?

(a) Hourly maintenance schedule

(b) Daily. weekly. monthly schedule

(¢t Once a year checks are enough
{d) Maintenance only when required
Referrning to \he section taken from a ser-
wviceé manual on winch mamntenance, find

lhe interval a2l which he suclion filter
should be serviced

True of False” Winch band brakes require
no penodic adjustments.

True or Failse? Multi-disc brakes require
no penodic adjustment.

What instrumeént 15 ysed (0 test the
hydraulic controls on a power shift winch?

UPPLR

Courtesy ol Bucyrus-Ene Co

of Canada Lid

Winch installation procedures will be found n
lhe service manual. Hawving installed \he
winch and reconnecled all the Iilings. check
the lollowing pnor 1o operating Lhe winch.

1 No leakage.
2 Proper Gil levels,

3 All mounling nuls are tghlened to
specificalions.

All covers are securely installed.

All hydraulic hoses are properly routed Lo
prevenl chaling.

The hydraulic pump 1s pnmed The pump
should have been prnimed dunng In-
stallation by hlling the suclion hose with
hydraulic oil.

HOIST WINCHES FOR CRANES,
EXCAVATORS AND YARDERS

The hislory ol cable operated machines goes
back a long time. Steam driven, parlial swing
shovels were made over 140 years ago.
Dunng lhe years steam changed o diese! or
electnc, the partial swing became a full 360
swing. and new versions ol cable machines
appeared such as a draglne. a clamshell, a
hoe.

Until about 1950 nearly all excavator shovels
powered lherr buckets by cable winding on
and off drums Today cable-drum syslems on
excavators have all but disappeared having
been replaced by hydraubcally operated
buckets Cable operation. however. 1s shli
widely used lor cranes, draghnes. clamshells
(Figure 9-30) logging yarders and loaders. and
large eleclric mine shovels Cable machines
are dwided inlo three main sections (Figure 9-
29)

lower works (can be crawler mounted or
truck mounted)

upper works {lhe revolving unst)
front end (the attachments)

An even simpler dwvisionis to speak of (1) the
basic machine and (2) the convertibiity The
basic maching 1S the lower and upper works.
The convertibility 1s the front end and i1s so
named because fronl ends are converlible
depending on the lype of work 1l 1s 1o do a
basic machine ¢an have & crane. a clamshell.
a shovet a draghne mounled to it Note thal
not all cable machines are converlible Large
mining shovels. lor example. are made for
only one |ob and have a permanently mounted
front end
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Crawler Machine

ine

Drag

Courtasy of Bucyrus-Ene Co

ol Canada Lid
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HOIST WINCHES

Tractor mounted winches. as discussed
earher. run independently of the main tracior
operations. a single drum 15 mounted al the
back of the tractor and 1s used when needed.
On the other hand. hoist winches lor cranes,
excavators and yarders are an integral part of
the machine's working machinery. They are
mounted on the upper works and are used to
operate the machines digging. nifting.
shoveling implement (Figure 9-31). Multiple
winches are used on hoist systems. the num-
ber. size and arrangement of the winches
dependent on the make. size and rigging of
the machine

Courlesy of Bucyrus-Erne Co.
ol Canada Lid.
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CABLE OPERATION

There are a number of cable circuils on a
hoist winch system and the cable in each cir-
cuit 15 always tight In any given circuil one
end of cable is altached to a drum. while the
other end is threaded or reeved over a number
of sheaves and lhen :$ either (1) fastened to a
part of lhe working implement (2) returned to
the drum and fastened al a different location
of the drum or (3) fastened to a fixed point on
the machmne. Through the actions of clutches
and brakes, cable is reeled on and off the
drums to control the movemenl of the bucket,
boom. load. etc.

CABLE OPERATIONS ON
LOGGING YARDERS

Earher. it was said thal cable was always tight
in hoist winch syslems. One exceplion to this
rule 1$ a logging yarder (Figure 9-32) Yarders
use much larger drums and considerably
more cable than shovels or cranes. and the
cable runs a lot looser.

There are numerous ways yarders can be
ngged. one way 1$ shown 1n Figure 9-33. Aparl
from all the guy lines. this yarder cable sysiem
basically consists of three lhnes (1) a
stationary line (skyline) on which \he carnage
runs (2) a haulkin tine (man lined and (3) a
haul-back hne The haul-back ling runs on
sheave blocks that aré altached lo stumps

The main hne and the haul-back ltnés each
have their own drums and are altached al the
carnage. The main hne drum s larger be-
cause it does the heavy work. Logs are al-
tached to t\he carrniage by choker cables. and
the main bne pulls 1n the logs on the skyline.
The logs are reieased at theur desired location
near the yarder. and the haui back line pulls
the carnage back out again on the skyline to
pick up more logs.

\‘“

T SRR TH T, |

SHEAVE HAUL 8ACK LING

/
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BASIC WINCH ASSEMBLY

There are a number of differences 1n hoist
winches such as size, ways ol mounting and
activaling mechamsms. A common hoist
winch arrangement 18 shown in Figure 5-34:
this winch is convertible and can be ngged for
an excavator. hoe. crane. draghne or a clam-
shell

SWING - PROPEL
CLUTCH GEAR

FRONT DRUM

=l

RN IITHE

SWING - PROPEL "

CLUTCHES \
/

i

HOR SWING —
PROPEL SHAFTY

S—

1\ CLUTCH

=

L

o=

DRUM SHAFT GEAR

1

—
e
——]
v—
=
—
—

e

CHAIN DRIVE
(LOWERING)

CLUTCH & BRAKE
(LOWERING)

RELTET O

j

]/ BOOM HOIST DRUM

(RAISING)

GEAR DRIVE
(RAISING) /

CLUTCH ?

POWER UNIT

ol

MULTIPLE STRAND
CHAIN DRIVE

Couresy ol Bucyrus-Ene Co
of Canada Lid
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This basic hoist winch arrangement consists
of two main drum shaft units, one front and
one rear. Plus a small hoist drum further to the
rear. The drums are not in line but are parallel.
Mounted crossways near the centre of the
revolving platform. the drums are positioned
to give balance to the whole assembly. The
main drum shaft umits are supported by
bearngs that rest \n precision bored supports
in the machinery deck. Older machines used
bronze or babbitt bearings but modern
machines use anti-friction bearings. The
bearings and supporis ensure perfect shait
alignment and gear fit. Figures 9-35 and 9-36 HOIST DRUM ‘_-.552“};3”‘(”/ N

NN

show two examples of drum shafts resting in
bearing saddles. In Figure 9-35 caps are used
to retain the shaft assembly in place; inFigure
9-36 the upper half of the gear case forms the
beanng cap

(%,
NN

INTERMEDIATE HOIST
PINION SHAFT

A.L ! TS
BEARING WP‘» \
SADDLES

X .Lv AN
‘ 3

N\ 2%
Courtesy of & Madill Lid (9,35} ‘B

HOIST BRAKE

HOIST BRAKE SHAFT

{9-36)

._ Courlesy of Hamischleger Corporation P&H
o1

i

Crin

L
)
.
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DRUM QPERATION

As s seen in Figure 9-37, drums are mounted
on bearngs over the drum shafts. and thus a
drum shaft can rotate without turning the
drum. The \nternal expanding clutch assembly
1$ attached by a clutch shaft to tFe drum shaft.
When the clutch is engaged. the drum shalt
drives the drum; when the clutch s
disengaged the drum shaft and clutch rotate
freely inside the drum An external con-
tracting band brake encircles the drum.

- BRAKE
LSS,
oRUM
I W CLUTCH
WIRE ROPE
DRIVER
| &—- OR CLUTCH
BEARING SHAFT
PITCH DIA
SHAFT/ C:
FIRST WRAP

R

(9-37)

—

Courtesy of Bucyrus-Ene Co
of Canada Li\d.
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WINCH POWER TRAIN

Figure 9-38 Illystrates a winch power train
The power umit drives the transier shaft and
gears by a drive chain {myftiple strand) The
small gear on the transler shaft (dotted hnes
behingd the targe transfer gear) 1s meshed ith
the large gear on the rear drym shaft which in
Wrn is meshed with the large gear on the front
drum shaft When the power unit 15 running.
all the paris shown are turmng Note that with
this gear arrangement. the front and rear drum
shaft rotations are opoosHe

Engaging a drum clulch witl cayse the shalt
and drum 10 turn as a ynil. thereby reeling in
the cable attached to the drum Releasing the
clutch puts the garym 1n a free stale and any
pull on the cable will tyrn the grum and cable
will be reeled out. The cable and drum can be
stopped and held by the band brake

The prake just mentioned works independent
of the ¢clutch Some winch brakes on the other
hand. operate in conjunctio®with the clutch
When the clutch s engaged the brake
automatcally releases and. vice versa. when
the clutch 1s disengaged the brake 1s applied

REAR DRUM

FRONT DAUM SHAFT GEAR

SHAFT GEAR

9)

TRANSFER SHAFT
and GEARS

DRIVE CHAIN

(9-38)
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A vanation on the basic hoist winch assembly
discussed above is to add an additional ¢clutch
to each of the fronl and rear drum shafls POWER LOWERING
(Figure 9.39). These clutches allow a load to 80TH DRUMS
be lcwered under power.
POWER LOWERING
CLUTCH
{(REAR DRUM)

FRONT DRUM

/_1.
RE _ M

/

SWING — PROPEL
CLUTCH GEAR

[
o

ST R g

L]

SWING--PP.OPEL
CLUTCHES

T T Iﬂ:

D

HOR., SWING —
PROPEL SHAFT

\ POWER LOWERING
CLUTCH
REAR DRUM (FRONT DRUM)

DRUM SHAFT GEAR

AN MR NEDR: AR ERIARI

CHAIN DRIVE
(LOWERING}

CLUTCH & BRAKE
(ILOWERING}

BOOM HOIST DRUM

CLUTCH ~ = —

{RAISING)

GEAR DRIVE -
(RAISING) POWER UNIT O

MULTIPLE STRAND
CHAIN DRIVE
Courtesy of BucYrus-Ene Co
of Capada Litd
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Each of the power lowerng clutches has a
sprocket attached to it. This sprocket is con-
nected by a dnve chain to a sprocket on the
opposite hoisl drum. Notice what happens
when a load 1s lowered under power from the
fronl drum:

1

Remember from the descnplion on winch
power flow that the two drum shafts turn in
opposite directions.

When the load is to be lowered from the
front drum. the drum’s main clutch 1s
disengaged. leaving the drum free to
rotate 1n either dwrection. Of course. the
drum will be braked until everything ts sel
for the load to be lowered.

Attached lo the rear drum shait. the power
lower clutch for the f{ront drum 1S
engaged. thus engaging the dnive chain
and causing the rear drum shalt to drive
the fronl drum

Since the rear drum shafl turas 1n 8 direc-
tion opposite to the fronl. the front drum
will unwind or lower the load under power.

This procedure would work 1n reverse to lower
a toad from the rear drum.

DRUMS AND DRUM LAGGING

Prums are made in various diameters. line
capacities. and shapes to suit the work a
machine must do A yarder drum (Figure 9-40)
for example. has @ high capacily drum be-
cause it uses a lot of cable

(9-40) YARDER DRUM Courtesy of $ Madill Lid
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The drum working surlace or the surface on
which the cable winds is called lhe drum
laQging Lagqging 15 made ' sphit halves
which are bolted to the drum frame There are
two mam types ol lagging. grooved lagging
and smooth lagered lagging. Thickness 1s an
importail charactensuc in lagging. Because
it increases the drum diameler. a \hicker
lagging wili give faster line speed but lhe hine
will run wilh less power. On the other hand. a
thinner laggmg will give more line power but
slower line speed. Since laggng is bolted on.
it 18 convertible, the type of lagging and ils
thickness may be changed to suit the par-

SPLIT LAGGING WITH GROOVES

hcular front-end attachment mounted to the (9-41)
machine Figure 9-41 illustrates types ol
lagging.

/
i .
! “,
. -~
3"‘ tt
g \ : % = ' J
, v = s
MOOTH TAPERED LAGGING
POWER LOAD KOIST CLUTCH
LOWERING CLUTCH | AND BRakg S/ING cLuTCit Courtesy of BucyrsEne Co.
GROOVED LAGGING (9-41) of Ganada Lid
Grooved lagging guides the cable nlo place Controdled Load Lowering:
and prevents the cable from flatlening
Smoolh tapered lagging works n the Hoisting — Smooth Lagging
following way the cabie 18 anchored lo the Lowerning — Smooth Lagging
small diameter end As Lhe cable 1S reeled in Following are nslructions for Installng
each wrap shdes on the smooth surface lagging Lagging mstatiation 1s relalively sim-
towards the narrow diameter end unttl shug ple provided you observe the following ilems
agamnst the previous wrap Thus the cable
winds evenly on the drum The lypes of 1 Clean the bolted suriaces of both the
lagging by different front ends are lsted drum and the {agging to remove burrs.
below rust and paint I the maling surfaces are
not quile flat. hghterung the bolts will
Magnet Work: resull In warping the drum siightly This
Hoisting - Grooved Lagging will produce unequal braking and brake
Pull In - Smooth Lagging hning wear
Draglme: 2 Be sure to line up the lagging wrih the
iubncation Mbings so the drum bearings
Hoisling - Grooved Lagging may be serviced easily when necessary
Pull In - Grooved Lagging

3 Torque the boiis In a cross pattern

Hook and Clamshell:

Holding Smooth Lagging
Closing — Smooth Lagging 22 -

I i ¢ e e o A — L ———————————: e —— e\~ — S8 A . 1 - e, e e o B et e
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HOIST WINCH CLUTCHES
BRAKES AND CONTROLS

BASIC HOIST WINCH BRAKE

The exiernal contraching band brake has been
used for many years on hoist winches and ts
shll used today. The tand 1s wrapped around
the oulside of lhe brake drum (like a steering
clutch brake) and has hning riveted to its in-
side face Smaller bands are one piece:
generally. larger bands are two or more sec-
tions bolted together tv form the cicle. The
sections make the large bands easier to
remove and nstall. The ends of the bands
have eyes to “onnect the bands to their ac-
tuating mechamsm The complete band brake
and control assembly is attached to the mamn
frame on the machine. The band brake in
Figure 9-42 1s spring-applied and Zir-released.

- AIR CHAMBER

SPRING

Courtesy of Bucyrus-Ene Co
of Canada Ltd

Vanous types of controls have been used with
band brakes - manual hnkage. hydraulic.
spring apply — air release.? and full awr Air
controlled 1s rost common today.

BASIC HOIST WINCH CLUTCH

Like the band brake. the expanding shoe
clulch (Figure 9-43) hzs been used for many
years on hoisl winches This clulch works
similar to the wheel brake principle of & shoe
contacting @ drum The difference. though. Is
that with & brake the shoe must stop lhe drum,
whereas with a cluich Ihe shce musl join itsell
by friction o the drum to drive il

CLUTCH SHOE

AIR CYLINDER

(9-43) tAPPLY CLUTCH)

Courtesy of Bucyrus-Ene Co
ot Canada tid

In a hoist winch the clutch shues and ac-
luating mechanism are mounled to the cluich
assembly. The cluich assembly is splined or
keyed to lhe drum shaft and revolves with it
The Iriction surface that the clutch acts
agamst is the inside of the brake drum. Cluich
shoes have hning matenal riveted to their
outer surface. The shoes are mounted on the
clutch assembly so that they pwot al one end
and move loward the friction surface at lhe
other end. Actuation for the shoes 1s by
hydraulic or air cylinders. Once the cylinders
have expanded the shoes the clutch jomns the
drum shait with the cable drum and the Iwo
rotate together

Besides expanding shoe clutches, hoist win-
ches use external contracting band cluiches
Contracting band clutches are applied where
the winch band brake would normally be
positioned and so the brake has to be moved
lo arother location These clutches are
hydraulic or air actuated
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Demands for clutches and brakes which will
withstand heavier loads and will require less
maintenance have brought advances in the
basic band brake and expanding or con-
tracting shoe clutch Three examples ol these
new clutches are’

1 Expanding air tube, multi-disc clutches.
Witciuta Clutches (Figure 9-44) as one
common type of these clutches - called. FAWICK AIR CLUTCH
are frequently used on logging yarders.
When air 1s applied to the air tube the
discs and pressure plates are squeezed
together to provide the drive. Not shown in
Figure 9-44 15 the drum which surrounds
the clutch assembly. The drum is the
drnven member and the hub which is
keyed to a shalt is the drive. A wilchita
clutch setup 15 similar to a steering clutch
dsed on a crawler.

EXPANDING ‘l 2
AR TUBES | | E

| |'kll
FRICTION

]
DISCS I H ii o -

Courtesy o Fawick Co

3. Magnetic clutches are used where elec-
tnc power 1s availlable such as on an elec-
tric mining shovel They are called
Magnetorque Clutches (Figure 9-46).

Dhiant=t e r s

(9-44) WITCHITA AIR CLUTCH Govresy of

wWhitchina Company
Expanding air {ube brakes are also made.
Instead of the one or two discs on air ¢lut-
ches, expanding air tube brakes have a
number of discs

Air tube clulches used i conjunction with
a conlracting band clutch, The air tube
and band assembly surround the drum
When air 1s applied to the air lubes. the
band shoes are lorced towards the drum.
joiming the two and providing a drwe. (9-46) 1 SIMPLIFIED VIEW OF

THE "MAGNETQRQUE

Countesy of Harmschieger Corporation P&
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The clutch shaft and outer magnetorque
member are driven by the main molor.
Since the inner magnelorque member is
separated from the ouler member by
bearnngs. the driven outer magnelorque
can lum without causing the \nnér mem-
ber to rotate. Only when the inner and
outer members of the magnelorque are
coupled together magneucally, do both
members turn. When the operator places
the hoist controller in the ON position. the
ouler drniven member coils ar€ energized.
thus creating a strong magnetic field
which couples the driven outer member to
the nner member. When the inper
magnetorque unit turns. the pinion slegve
dnves the hoist drum

Magnetorque characteristics are such
that a shght ship between the inner and
outer members will cause a large increase
in the amount of torque delivered by the
magnetorque.

The repaw of a2 magnetorque unit requires.
in most cases. that the entiwre upit and
clutch shait he removed

CAB CONTROLS
FOR CLUTCHES AND BRAKES

Examples of mechanical and air cab controls
for hoist winch clulches and brakes are
shown m Figure 9,47

{9-47) MECHAMICAL CONTROLS

Courlesy of Bucyrus-Ene Co
of Canada Ltd

(2-47) AIR CONTROLS

Countesy of Bucyrus-Ene Co.
of Canada Ltd.

Two types of valves are used on air controls.
Gradualeg valves are used where variable
touch control is desired and poppet valves
where the response must be fast and im-
mediate

HOIST WINCHES ON
HYDRAULIC CRANES

Hydraulic hoist winches are used on modern
hydraulic cranes. The power train to operate
the winches 1s as (ollows: the crane engine
drives hydraulic pump(s). the pumps generate
the flow and pressure to operate hydraulic
motor{s). and the motors drive the hoist win-
ches. By eliminaling the mechanical gear
train, drive and control mechanisms these
hydrauhc winches have greatly simplified the
winch assemblies and deck machmmery of
mechanical hoist winches, Hydraulic winches
take less space. have simpler controls, and
require fewer adpusiments.

Cepending on the manufaciurer. hydraulic
hoist winch controls may be direct control or
pilot control. However. the Irend on hydraulic
cranes and on other hydraulic machines is
towards pilot conlrolled valving.
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Figure 948 shows a simphfied view of the .
main hoist dium on a hydraulic crane Not
shown. but also usuvally found on the crane,
are auxihary winches {1 or more} for sup-
plemenlary hoisting

MAIN HOIST CIRCUIT

Tt 11

MAIN HOIST
CONTROL LEVER
/
7
MAIN HOIST
CONTROL LINKAGE
- A
CONTROL ; ;
VALVE S ———— i Pl
L.l 5.
[ned
L
L 2
D @]
COUNTERBALANCE & =
VALVE * ¥
FREE FALL
CLUTCH CYLINDER HYDRAULIC
— MOTOR
FROM PUNMP MAIN
HOIST
AUTOMATIC BRAKE
L RELEASE CYLINDER
1
FREE FALL l AUTOMATIC BRAKE
VALVE MECHANICAL
\ BRAKE BAND
(9-48)

Courtesy of Bucyrus-Ene Co
ol Canada Lid
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QUESTIONS — HOIST WINCHES

Heiernng to a cable machine, bnefly
state what s meant by

(a) the basic machine
(b} the comverhibility

In contrast with tractor mounted win-
ches. the cables on shovel hoist win-
ches

{a) are smaller
{b) run tight at all times.

(¢) run within 2@ number of closed cir-
cuits

(d} are larger
{e) both (b} and {(c) are nght.

Compared to @ cable on a shovel or a
crane. logging yarder cable 1s

(a) shorter and runs tighter
(b} longer and runs looser.
{c) shorter and runs looser,
{d} 1longer and runs tighter

List three basic ways i which hoist win-
ches differ

Power to dnve a hoist drum 18 trans-
rmitted from the drum shait to the drum
by

{a) a clutch.

(b) a brake

{(c} a combinatior cluich and brake.
{d) gears

What prevents a drum from free wheeling
when the drive 1s disconnected?

(a) clutch brake

{b) clutch

{c} brake

{d) mechanical lock

When power lowenng 1s desired for a
front hoist drum. the power lowenng
clutch would be mounted on the

(a) rear drum shaft.

(b} front drum shaft

{c) maimn drive shaft,

(d) hanzontal propel shaft

9:37

How would the drums on a loggng yar-
der differ from those ysed on a crane or
shovel?

What are the two common types of drum
lagging?
Increasing the thickness of the lagging

increases the drum diameter and causes
the hne speed to

{a) decrease.

{b) ncrease.
{c) stay the same.

True or False? In controlied lozd raising
and lowenng. smooth drum lagging 1s
used

What 1s the advantage of making large
brake bands 1n mulliple pieces rather
than in one plece?

The most common method for applying
hoist winch brakes on today's machines
is by

Give two methods ysed to apply shoe or
band clutches on winches

What advantage do mulh-disc expanding
aw tube clutches and brakes have over
the older designed expanding shoe and
contracting band ones.

The dnve and dnven members on a
machine using magnatorque cluiches
are coupled logether by’

{a) frniction.

{b) heat.

{c) mechanical torce.
(d) magnetic field

True or False? Magnetorque clutch
charactenstics are such that a shght -
crease In shp betlween the drive and
dnven members will cause a farge
decrease i the torque delivered by the
magnetorque.

What are the advaniages of a
hydraulicafly drnven hoist winch over a
mechamcal hoist winch?
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REMOVAL AND INSTALLATION OF CRANE
EXCAVATOR AND YARDER
HOIST WINCHES

Removal and installation of a hoist winch is a
relatively straight forward Job. On most
machines the winch is generally mounted so
thal drum shaft assemblies come out 2s a unit,
as seen in Figure 9-49.

DRAG CLUTCH BOOM HOIST SWING CLUTCH

AND BRAKZ BRAKE o 4o,

Courtesy of Bucyrus-Ene Co

of Canada Lid.

SOME POINTS WHEN REMOVING
AND INSTALLING HOIST
WINCH COMPONENTS

Before allempting to remove a drum shaft
assembly. place the working implement
controlled by the drum shaft in a safely
lowered position and remove the cable
from the drum

Tag all hydrauhc or aw lines that are
removed

When the bearing caps and related ac-
cessones have been removed. ailach
shings so that they provide a safe. even
and balanced hit to the shaft assembly.

SCHEDULED MAINTENANCE CHECKS,
ADJUSTMENTS AND LUBRICATION
ON HOIST WINCHES

Like most clutches and brakes. hoist winch
clutches and brakes require periodic ad-
justment to compensate for normal running
wear A clutch shipping under load or a brake
not holding the drum indicates that ad-
justments are needed. Tremendous strain 1s
apphed to these clutches and Drakes and
allowing shippage to go unchecked will soon
lead to th2 parts failling.

Typical adjusting procedures are given befow.
cne for a contracting band clutch and one for
a contracting band brake Always refer to the
seryice or operalor's manual for the adjusting

procedures on specific machines.

ADJUSTMENT ON CONTRACTING
BAND CLUTCH

Adjustment of contracting band clutches is
recommended for smoother apphcation and
tess mainlenance to the awr chamber assem-
bly. To make the adjustment. disengage the
clutch so that no air1s left in the chambers.
Then adjust the setscrew (Figure 9-50) to ob-
tain a 1/32” clearance. all around. between
the clutch surface and the lining.

CLUTCH BAND LINERS

Clutch band liners wear more rapidly on the
hixed end than on the moving end.
“AMERICAN" clutch bands are made with
both ends alke so that after a period of
operaton In one position. they may be rever-
sed to give additional service life.

The clutch band liners should be examined
penodically for wear. and they shoulu be
renewed before they become thin enough 1o
permit the rivets to contact the cluich surface
and cuuse sconng. When hinings have to be
renewed. care must be exercised in lherr in-
stallation to ensure that they are tightly and
smoothly nveled to the band. and that the
bands are not bent oul of shape. After
replacirg the bands. they must be checked for
"out-of-round” and if necessary. hammered
back to shape to secure good contact at all
points.
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EXAMPLE
ADJUSTMENT OF CONTRACTING
BAND BRAKE
{Amarican Hoist and Derrick Co.)

MAIN HOIST BRAKE ADJUSTMENT

1“1/2"
{3.8lcm)

BRAKES ARE SHOWN IN
RELEASED POSITION

,A:@

187 (318 mrn}-q-r

With new or newly rehined band setgapon
metal portion of band at pont “B” to 1-
/27 (381 ¢cm)

Disconnect spring loaded air brakes by
removing pin “G” from clevis “'L”

Adjust pedal to operators preference by
extending or retracting reach rod, General
setting 15 so the full ine pull may be nheld
in the last notch of the pedal latch

Set Ifter "A" at dead end with brake set
030" (762 mm) ciearance.,

Make sure that guide "C ts free ¢f both
band and guide bars on bandg.

Set Iifter “D” at live end with brake set Lo
060" (1 524 mm) clearance.

Courtesy of Amencan Howsl and Dernck Co

Adiust fter spnng "E” so that It has am-
ple hiting force to disengage band when
brake 1s released, but be very careful that
the spnng 1s not tightened to the pont
where there 15 no recoil left n It

Test with load and make final and all
luture adjustments at spht “B".

Adjust the clevises "L on the brake
chamber rods until they can be connected
to the brake pedal linkage. The hoist
brake pedal and brake valve (on lever
stand) must be released f(air in brake).
Allow 1/8"” {3 18 mm) clearance between
the back of brake chamber and the nut
and washers on the brake chamber rod.
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LUBRICATION FOR HOIST WINCHES

Lubrication for hoist winches will be found 1n
service manuals. The more mechanical the
hoist machinery the more lubrication points it
will have Mosl of the bearings for deck
machinery. operating levers. shaifts. pell
cranks. etc . have grease fitlings tapped direc-
tly into the bearings Location of these hittings
as w i as othar points on the deck machinery
that require lubrication will be shown In the
manual on lube charis. A chart may show n-
dwidual drum shafts or it may show a com-
tiete deck plan. Some charts also inciude the
type of lubnicant and lubncation nterval
Exampies of lube charts are shown n Figure

9-52 and 9.53
MAIN & AUXILIARY HOIST DRUM ASSEMBLY
7
TO LUBE &
;:FTS!NG SHAFT & DRUM BEARINGS
REMOVE USE ITEM #2-6 MONTHS
FRONT
CLUTCH
GUARD
\
A J
. o} 7
A — TN

o

- ' THESE FITTINGS ARE
REACHED THROUGH
HOLES IN LAGGINGS

{9-52)

Courtesy of Amercan Host
and Derrick Co
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BOOM HOIST CLUTCH SHAFT ASSEMBLY

LUBRICATION

BOOM CLUTCH
BEARING

ITEM #2 SHAFT BEARINGS
6 MONTHS ITEM #2 — DAILY

Courtesy of Amentan Hoist
ang Dernck Co

MAIN HOIST CLUTCH ASSEMBLY THIRD DRUM CLUTCH ASSEMBLY

CLUTCH LEVER PINS

ITEM #8 ~ WEEKLY
Countesy of Amernican Horsl

and Derck Co

{8-52)
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EXCAVATOR LUBRICATION (HOIST MACHINERY
LUBE POINTS ARE STARRED (* }}

LUSBRICATE MOTORS AND
GEMNERATORS ACCORDING
TO INSTRUCTIONS ON
MOTOR OR GENERATOR.

HOIST DRUM SEALS
MAGNETORQUE 2 POINTS

SEALS
2 POINTS EVERY 200 HOURS

EVERY 200 HOURS

HOIST GEAR CASE
80 GALLONS
GG

SWING GEAR
CASE RH
40 GALLONS
GO

/

IIIH

/

COUPLINGS
2000 HOURS

MPG

alR COMPRESSOR

CHECK £VERY 40 HOURS
DRAIN AMD REFILL
EVERY 1000 HOURS

MO

MAIN OIL CONTACTORS
CHECK EVERY 1000 HOURS
45 GALLONS
o

SWING GEAR
CASE LH
40 GALLONS
GO

THE LUBRICATION RECOMMENDED

15 BASED ON OPERATION OF THE
MACHINE EIGHT HOURS EACH DAY,
FIVE DAYS PER WEEK . LUBRICATION
SCHEDULES SHOULD BE ADJUSTED ON
THES BASIS.

SYMBOLS

MPG - MULTIPURPOSE GREASE
GO - GEAROIL
GL - CEAR LUBRICANT
MO - MOTOR OIL
10 = INSULATING OIL

WORM SHAFT SEAL
1 POINT EVERY 200 HOURS
MPG

45 HOUKS
RACK
PINIONS
GL

DIPPER TRIP
b POINT - DRUM BEARING
(SEE MOTOR INAMEPLATE)
1 POINT - RING GEAR
EVERY 120 HOURS
MPG

Courtesy of Harmschleger Corperaton
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QUESTIONS — MAINTENANCE OF
HOIST WINCHES

What 15 the first step that must be done
before removing a hoist winch drum and
shalt assembly?

An ndication that adjustments {0 the
clutch and brakes on a hoist wimch are
required is thal the wmch

{a) operates slowly.
(b} applies and releases with dilliculty.
(c) will not release
(d) shps under load.
A lypicas adjustment procedure for a shoe
clutch requwes lhat lhe adjustment be

made so that the clearance belween the
shoes and the drum is approximately:

{a) 114~
(b) 1/32”
{c} 1/64”
(@) 18"
True or False? Hoist winch assemblies

should be lubrnicated on a “whenever
required” basis

Referring 1o the excavalor lubrication
chart {Figure 9-53). find al what interval
the hoist drum seals are grea.2d and what
type ol grease I1s ysed.
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WIRE ROPE

Wire rope comes in & number of diameters.
cross sectional constructions and strengths 1t
has many uses in the heavy duty mechanical
field. a few of which are shown in Figure 9-54
and 9-55.

(9-54) CRANE OR CLAMSHELL

BOOM UNE™ = HOIST LINE

CROWD LINE

=

s RETRACT LIN

J . TRIP LINE
v, - "
b , - ;'/
- s

>

(9-54) POWER ~HOVEL {EXCAVATOR}
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DRAGLINE

HOIST LINE —»

DUMP LINE

DRAG LINE

Counesy of Marlin and Black
whre Ropes Lid

WIRE ROPE

Courtesy ol Martin and Black
wire Ropes Lid
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LOGGING

Courtesy of § Madil Lid
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The parts of a wire rope are the wire. the
strand. and the core (Figure 9-56).

S,
SO .

=
— P

(0-56) WIRE STRAND

The cross seclion of a common six strand wire Counesy of Markin and Black
rope 1S shown i Figure 9-57. Wire Ropes Lid

Couriesy o! Martin and Black
wire Ropes Lid

CORRECT

MEASURING A WIRE ROPE

The diameter of awire rope is identical to that
of a circle which would surround the rope. To
gauge a rope be sure that the faces of the
cahipers are 1n contacl with the crowns of two
opposue strands and not wm contact with four
strands (Figure 9-58). To be certain that the
calipers are in the correct position rotate
lhem around he rope: the greatest
measurement 1s the correct size.

Nota: After a rope has been in use it is INCORRECT
somelimes possible to get two
“correct” readings of its size thal vary (9-58)
considerably. Differert readings can
occur when the rope has fost ils shape
due to crushing or when \here is
corrosion or core damage at in- Couresy of Martn and Black
termittent points afong the rope. wire Ropes Ltd
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CORES

The core i a wire rope 1s the central section
around which the strands are laid, Cores can
be made of hiber or sleel.

1 Fiber Core

Fiber cores can be made of vegetable
fibers such as marnila. jute or sisal
although ncreasing use 1S being made of
manmade fibers. Polypropylene, for exam-
ple. oifers the advantage of betler
resislance to rotting. drying out and other
forms of deterioration than natural fibers.

The mam function of a fiber core s to
cushion the steel slrands during
operation. Also because the core is
usually impregnated with lubncant before
manufacture, 1t acts as an internal
lubncator dunng the operation of the
rope. Fiber core are the most {lexible wire
ropes.

Steel Cores

A steel core s usually a small separate or
independent wire rope referred to as an
IWRC An IWRC normally has a core and
six strands {Figure 9-59). A wire strand
can also be used as a steel core on fairly
non flexible rope., such as guy wires
(Figure 9-59)

A steel core adds slrength (7'%42%
minimum) and provides resistance to
crushing. Additional strength 1s not the
only reason for specifying a steel core.
Where a sieel core is required excessive
heal in the operalion of a rope could
cause charring of the fiber. An IWRC is
also essential for maximum performance
on such applications as shove! hoist lines.
draglines, etc.

19 wire strand

(9-59)

Courtesy ol Marun and Black
wire Ropes ttd

WIRES

Wire in a2 wire rope vanes in s diameler and
the lype of steel it 1s made ol The steel will
range from having great strength to having
less strength but more durability or resistance
io falbigue. Note that 1t 1s wrong to thmk that
the rope with the sironges! steel 1s
necessarily going to be the best for every job
For example on a given |ob, a rope made with
a ductile flexible steel may out perform and
out last a rope made of a steel with a higher
breaking slrength.

When corrosive conditions warrant rope
proteclion over and above normal lubnicalion,
wire 1s galvanized.

STRANDS
CHARACTERISTICS OF STRANDS

| Strands are classified by the pumber of
strands on a rope and the number of wires
per strand

NO. OF WIRES PER
CLASSIFICATION STRANDS STRAND

6 -7 5 7
6 - 19 6 16 {0 26
6 . 37 t 27 1o 49
g - 19 H 1% 10 26
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2 The wires on a strand have different cross
sechional patierns. three of the most com-
mon are shown n Figure 9-60.

SEALE CONSTRUCTION

One layer of wires is laid over an equal nurnber of smaller wares, wath the
same length and direction of lay, The wires in the outer layer are supported
in the valleys belween the wires of the inner layers

FILLER CONSTRUCTION

In this construchion. the outer wires are supported by haif their number of
main inner wires with an equal number of small filler wires,

WARRINGTON SEALE

A strand zonstruction 1n which one laver of wires is composed of alternat-
ing large and small wires. The lengtt of lay and number of wires in each
layer. are equal.

in larger size wire ropes. more than one of the above basic constructions may be ntegrated in 3

single strand,

(9-60) Courtesy of Martin and Black
Wire Ropes Ltd
Moslt wire rope today 15 preformed. that s,

eachwire and strand 1S preset 1o the exacl
hehcal shape it witl take in the finished
rope A preformed rope won't unravel
when cut Preformed wire rope 1s more
flexible. lasts longer. and 1s easier to
sphce (F1; 361)
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BALANCED

4. Lays of Wirg Rope

{Martin and Black Manual). The term "iay"”
has iwo meaninos in reference to wire
rope.

(a)

When used 10 describe the direction
of rctation of wires the term is usually
apphed to two basic lays:

Regular Lay i1s applied where the
wires tum 10 the opposie direction to
that of the strands In the rope. The
outer wires of the sirands are parallel
10 the rope axis {Figure 9-82),

In Langs Lay, the wires i each
strand are laid 1n the same direction
as the strands of the rope {figure 9-
62) The outer wires of the strands are
at an angle {0 the rope axis and much
ir.iger fengths of the indmdual wires
are esposed

REGULAR LAY

NON-PREFORMED

Courtesy of Martin and Black
Wire Ropes Lid

LANGS LAY

Courlesy ol Marun and Black
wire Ropes Lid

The advanlages and disadvantages
are.

Regular Lay: Grealer resistance to
crushing on drums than Langs Lay; it
should always be used on a single
part litie, ofr when one end is free to
rotate.
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Langs Lay: More flexible and offers
greater resistance (o abrasion than
Regular Lay ropes. Only applications
where both ends are fixed are
suitable for Langs Lay rope. 1t should
not be used with a swivel terminal.
Langs Lay cable i1s ysed on power
shovels and draghnes and for mine
hoisting.

Right or left lay is determined by the
direction 1n which the strands are
laid in the rope The strands in a left
lay rope (Figure 9-63} run to the left
from the top to the bottom (which
ever way you look at the rope).
Strands 1n a nght lay rope (Figure 9-
63) run to the right from top lo bot-
tom The vas! majority of ropes are
right-regular lay.

Right Lay

(9-63)

__/
Left Lay

The termn lay 1s also used as a rope
measurement. One rope lay is the
length along the rope which one
strand takes to make one complete
spiral around the core.

9:51

being good maintenance policy. penodic
inspection of all wire rope 1n critical lifting
service s required by government
regulations. and records of the inspeclion
must be kept. Wire rope should be
replaced when a qualfied inspector feels
it can no longer safely do the job it was in-
tended to do.

Foints on Inspecting Wire Rope

(a)} When checking wire rope. the rope
should not be In motion ot should pot
be supporting a load: it should have
no stress on it

All rope used in vertical hiting ser-
vicé should be checked and each
rope must bé considered separately.

Inspections should be done weekly.

There are certain points along any
given rope which should receive
more attention {han others, since
some areas will usually be subjected
to greater internal stresses. or to
greater exlernal forces and hazards,
Although different types of catle ap-
phcations will have different critical
points (Figure 9-64} some common
ones are:

Pick-up Points — These are sections
of rope which are repeatedly placed
under stress when the intitial load is
apphed. Examples are the sections of
rope in contact with sheaves.

End Attachments — Al each end of
the rope. two things mus! be In-
spected. the fitting that I1s altached lo
the rope. or to which the rope I1s at-
tached, and |he condition of the rope
itself where 1t enters the attachment.

{9-63} Couriesy of Leschen Wire Rope Co

WIRE ROPE INSPECTION

Eventually all wire rope deteriorates to a
point wher¢ tt 1S no longer serviceable or
sale. Regular inspections. {herefore. are
necessary to ensure that the rope .s in ac-
ceptable working condition. Besides

Abuse Points — Frequently. ropes
are subjected to abnormal scuffing
and scraping such as where the rope
conlacts cross-members of a Loom.
Ltook for bright or shiny spots on {he
rope.
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(9-64) CABLE CRITICAL POINTS

An inspection of wire rope should include EXTERNAL ROPE DAMAGE

checks for the conditions below (Figure 9- OR ABUSE

65). If any of these conditions are found. .

the Slfength of the rope is In question and Hope Abuse — Kinklng. drum Crus_hing. bird
the possibily of replacing it should be caged and trapped rope aré shown in Figure 9-
considered. 65.

An "OPEN KINK An TOPEN KINK™ after straighiening (nole
misplaced wires and strands}

{9-65) Cournesy of Marhn and Black

wire Ropes Lid
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A rope with snagged wirés resulting from "DRUM
CRUSHING™

(3-65)

At 2, AR

A rope that has been 'TRAPPED .
off a sheave

AT L

after yjumping

Corrosion — look for serious corrosion in the
rope

End Point of Cable — Check (1) for broken
wires where the rope 1s attached to the fixture
(Figure 9-66) and {2) that the fixture 1s firmly
attached 1o the rope or that the rope 15 firmly
secured to the drum.

A BIRD CAGE which has been forced through a
tight sheave

Countesy of Macun and Black
wire Rope Lid

(9-65)

One manufacturer recommends that any
broken wires at the dead end of a cable
should be cause for cutting off a section.
preferrably at least three feet beyond the
broken wires Refasten or re-socket the rope.

Also check for:

1. The core showing through more than one
pair of strands.

Evidence of improper lubrication of the
rope Ewidence of the rope overheating or
coming 1” contact with an electrical cir-
cut,

The amount of wear on ouler wires. The
Operating Engineer's Manual recom-
mends that wiré rope should be réplaced
when the wires m the crown of the strand
are worn to 1ess than 60% of their original
diameter (Figure 9-67).

iy ot e

(9-67) Rope which has

been worn due o ABRASION
{(Note even wear around the sirands).

Cournesy of Martin and Biack
wire Ropes Ltd
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DIAMETER MEASUREMENT AND BROKEN
WIRE COUNT

Reduction In Rope Diameter: peasure the
rope diameter and compare the reading with
the onginal diameter. A marked decrease ¢an
indicale a serious weakening of the rope

Broken Wwe Count: Broken wires are
probatily lhe most common sign of rope
detenoration because 1t's normal for runming
rope lo break wires near the end of ils ser-
viceable lhfe. Two broken wire counis are
made over one lay length of rope

1 Count the number of broken wires in one
rope lay lenglh on the worst section of
rope It 15 imporlant that the worst seclicn
be used for the count because that IS the
weakeslt section of rope Note that this
coun! lotals the broken wires in all the
strands In the one !ay length.

Count the number of broken wires 1n one
strand 1n (he lay length. Again. the worst
strand or the strand with the most broken
wires should be counted.

The number of broken wires permitted per
lay or per slrand per lay 1s specihed ac-
cording to the rope size. For example. the
Operating Engineer's Manual. using a
count for tolal broken strands per lay.
recommends that rope should be replaced
when

{a) three broken wires are found In one
lay ol 6 x 7 wire rope

{b} six broken wires are found in one lay
of 6 x 19 wire rope.

LOOKING FOR BROKEN WIRES

A close search should be made for broken
wires (Figure 9-68) With a sharp awl. pick and
probe between wires and strands lifting any
wires which appear loose Of move ex-
cessvely.

(9-88) BROKEN WIRES
Courtesy of Marbin and Black
Wwhre Ropes Lid

Note that flexing 2 rope can oflen reveal
broken wires thal may nol be visible when the
rope 1s straight (Figure 9-69)

Courtesy of Manm and Black
Wire Rop8s Lic
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Records of inspections. as mentioned eariier. must be kept An example ol a Rope In-Dection record
sheet 18 given below Diameter Loss and the number of wire breaks would be recorded and com-
pared fo allowal.e tolerances

Rope Condition

No. of
No. of wire
Rope Date of wire breaks
descrip- Inspec- breaks in one
lion tion & . in one sirand
{hoist, Ingpec- Current rope of one
swing tor's dia, lay lay
line, etc.} Initials In. Col 3 Col 4

Date of
Removal

INSPEC. DRUMS AND SHEAVES

The general condition of drums and sheaves
should also oe checked A thorough checking
of sheaves invelves checking each sheave
with a groove gauge The drum should be ob-
served in operaton to check the drum wind

In summary a recommended order of
procedures for carrying out 8 wire rope In-
spection 18

Measure diameter. Record.

Counl broken wires (a) in one lay. (b) in
orng strand in one lay. Record

Check rope end points

Inspect the rope end to end for exiernal
damage and abuse. Try to find the cause
of damage and see f it can be prevented
from happening again.

Inspect e sheaves and drums

LUBRICATING WIRE ROPE

Wire rope has moving parts. Each time a rope
bends over a sheave or straighlens from a
slack posiion. many strands move or slide
against each other. Therefore to prevent rope
wireés from weanng lubrication 1s ny “essary.
An equally important reason for lubncating
rope is to prevent Ihe wires from corroding.
Wire rope should not be agllowed to rusl: rusty
rope 1s dangerous as lhere 15 no known
melhod of inspecling 1t to determine its
rema ing slrength.

No sel rule can be Qiven concerning the
frequency of lubrication The frequency wtll
depend on the conditions to which the rope 1s
subjected The severily of the duty and the
degree of corrosiveness will have to serve as
an .ndex n determining the need for
lubrication Proper luhncant should be used
The lubncant should be thin enough to
penetrate the strands to the core. but not so
thin thal it will run off the rope. The best
lubricant 1 a larrly thick. semi-plastic lype.
which 15 apphed hot. In a thinned condition,
This type of lubricant will penetrate while hot
and then cool to form a plasuc filler and
coating. which will resist the penetration of
waler

248
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Three methods of apply.ng lubncant o wire
rope are illustrated 1n Figure 9-70. Each has
its advupizages. and no single method 15
recommended in preference to lhe olhers The
most convenient method should be used

LUBRICANT (9-70}
SPLIT BOX METHOD

SPLIT BOX METHOD-funnel shaped
box fitted wilh berlap of wiper at outlet
end.

BURLAP Courtesy of Harmshieger Corporanion P&H
WRAPPER

g sl iR

- g\\\.\\ LLAAAN AN

POUR.ON METHOD

THE POUR-ON METHOD-oil should be
hot, yet adhesive. Always hoid Ihe
wiping swab behmd the saeave.

BATH METHOD

BATH METHOD-for applying heavier-
bodied fubricant at high temperatuie,
‘ Gas bumers or steam heat may be used
to maintan temperature of tubwicant.

RoPe should run through slowly.

CUTTING WIRE ROPE

When wue rope 15 to be cut. sewzings should
he placed on each side of the cut line o
prevent underlaying ol the strands. A seizing
13 shown in Figure 2-71, The se:zing on the lelt
15 loose to show how It's wrapped On the
nght 13 the tghtened seizing

ROPE WOULD BE CUT HERE

On prelormed wire rope. one se1zing on each
side ol the cut 1s usually considered to be sul-

ficient. On non-preformed wire ropes less than
7/8 inch in diameter. tw0 seizings on each
side are recommended. COn noOn-preformed
wire ropes over 7/8 inch in diameter. three
seizings are recommended.

Three basic methods are recommended 10r
cutting wire rope:

Abrasive cutting tools. A siutable abrasive
cutting machine wilt cut cable.

Shearing tools. Wire cutters can be used
to cut through smaller ropes. while special
blade-action tools and a hammer are used
for larger sizes.

Flame. Welding equipment can be ysed o
burn cuts thrQugh wire rope. Flame cul-
ting isn't recommended H the wire strands
need 1Q be free after the cut as the torch
tends to weld the strands together.
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STORING WIRE ROPE REELS

Wire rope reeis should be stored 1n @ covered
area If possible and on pallets or timbers

CLAMPS AND SHEAVES
WIRE ROPE CLAMPS

Clamps are used to

1 Form 2 loop in a rope in order to attach
the rope to a fixiure (Figure 9-72).

CLAMPS
METAL EYE

Courtesy of Martin and Black
Wuwe Ropes Lid

2. Form loops to attach two ropes together.
The metal eyes are connected together.

The U-Boit In Figure 9-73 is a very common
type ol clamp used with wire rope. Properly at-
tached U-Bolts are fairly eificient clamps: im-
properly attached they are unsale.

(9-73) U-BOLT

Courtesy of Grosby Group
Division of Améncan Hoist and Dernick

Another type of clamp is the Dnuble Saddle or
Fist Grip clamp (Figure 9-74). These clamps
are betler than U-bolts because they can't be
installed incorrectly {1.e.. they are the same on
both ends) and they cause less damage to the
wire rope. Also, a fist grip loop requires less
rope turnback than a U-bolt loop and con-
sequently fewer clamps are needed. In spite
of the advantages of Double Saddle clamps.
U-bolis slill seem to be the most common
clamp used. perhaps because they are
cheaper and more readily available.

(9-74) DOUBLE SADDLE CLAMP

Courntesy of Grosby Group
Dvision ol Amencan Hoist and Dernck Co




WINCHES

SHEAVES

A sheave (pronounced shiv) I1$ a wheel with a
grooved circumlerence around which a rope
turns A clothesline pulley 18 a sheave.
Sheaves used on heavy duly machines are
made ol steel and either turn on or with an
axle Tnese sheaves have either a bronze
sleeve bearing or anti-friction bearings and
generally have grease fitting(s) that must be
lubncated (Figure 9-75).

SHEAVE CROSS SECTION

Courtesy of Marlin and Black
whire Rope Lid

The groove on a sheave 1S made to fil a par-
ticular size rope One of the major causes of
premature rope failure 18 having sheaves and
ropes incorrectly matched. A groove that 15
too small wil pinch and distort a rope.
weanng or damaging one or both rope sides
Too large a groove gives the rope no lateral
support which can cause the rope to llatten
and the wires and strands to be displaced
(Figure 9-76)

GROOVE

CORRECT (9-76) LARGE

’ - ES)

GROOVE TOO

Il you need to match a sheave to a rope lirst
measure the sheave with a groove gauge
(Figure 9-77) Knowing the sheave size you
can check with a rope manufactunng com-
pany the rope size switable lor it

{9- 77)GF!00VE
GAUGE

Courtesy of Mariin and Black
wire Ropes Lid

-,—---4'0'0'0‘“' Wire Ropes Litd
GROOVE TOO
SMALL

—— et B e e o ¢
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Bending over sheaves 5 a facior that affects
wire rope life. As the rope bends over a
sheave or winds on and off a winch drum.
especially under load. it is subjected to added
stress. The less bend the rope 1$ forced to
make the less strain imposed on the rope. The
“Diarmeter” of the sheave. therefore. is also
important to rope operation. Wire rope life in-
creases as the ratio of sheave diameter to
rope diameter increases A chart is given in
Figure g9-78 showing the minimum sheave
chameter size to rope diameter size

{9-78)

MINIMUM DIAMETERS:

A Sheave or Drum of too small diameter will hasten “fatigue” in any wire
rope. The following table gives recommended minimum sheave tread
charmeters.

For 6 x 7 construction 42 x rope diameter
For 6 x 25 Flattened Strand construction 36 x rope diameter
For 18 x 7 construction 34 x rope diameter
For 6 x 19 Seale...” 30 x rope diameter
For 6 x 21 Filler.. .” 28 x rope diameter
For 6 % 25 Filler. ...~ 25 x rope diameter
For 6 x 26 construction ....26 x rope diameter
ror 8 x 31 construction 24 x rope diameter
For 6 x 38 construction 22 x rope diameter
For 8 x 19 Seale..” 21 x rope diameter
For 6 x 41 construction 20 x rope diarmeter
For 6 x 43 ", 21 x rope diameter
For 8 x 25 18 x rope diameter

7
7/

¥
N
b3
N
b

zx\\\\‘k\\‘

A—— G heave Diameteyr -———>

Courlesy of Martin and 8lack

Figure 9-79 Wiustrates sheave appiications on wire Ropes Lid
a power shovel.

SHEAVES

BOCM LINE
HOIST LINE

CPOWD LINE

£

SHEAVES SHEAVES

Tey
s

RETRACT LINE
TRIP LINE

Coustesy ol Bucyrus-Erie Co
of Canada Lid
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Multiple sheaves are used on sume machines
to gain mechanical advantage Increasing the
number of lines and sheaves reduces the
speed of the load bemng lifted but increases
the amounl of load thal can be hited. The
shovet in Figure 9-30 has a \wo part line to lhe
buckel gmving it a mechanical advantage of
lwo in olher words. the bucket can lift twice
as much as it could with one line to

REMOVING AND INSTALLING WIRE ROPE
TAKING WIRE FROM A COIL

When unreeling wire rope. it ;s important that
the coil or reel rotate as the rope unwinds. If
the coil or reel does not rotale. the wire will be
wisted as 1t 18 uncoiled. and kinking will
result

Kinking s caused by lhe rope taking a spiral
shape as the result of unnatural twist n the
rope Figure 980 shows the progresswve
stages of a kink. and the end result

S Nyt

3

(9-80) KINKING OF WIRE ROPE

Part 1 of the illuslration shows lhe beginning
of akink Al this stage. no harm will be done f
the loop 15 immediately thrown oul to prevent
further kinking.

Part 2 of the illustration shows the effect of
the application of a load to a kinked hne. The
rope has been senously strained and 15 no
fonger safe for maximum service.

Part 3 shows lhe condition of the rope after
the kink has been straightened oul. Strands
and wiwes are oul of position. This creates
unequal tension and stran and will cause ex-
cessive additional wear on |he damaged
areas.

Figure 9-81 shows the correct methods for
unreeling ropes from coils or reels.

QD
WRONG WAY

WHEN UNREELING OR UNCOILING W!RE ROPE
- DO NOT ALLOW ROPE TO FORM A LOOP If
LOOPS ARE FORMED KINKING WILL RESULT

(9-81) UNREELING WIRE ROPE

Courtesy of Harnischieger Corporation P&+

RIGHT wAY

Another acceplable method of reeling rope off
a reel 1s 1o place a shaift through the cenler of
the reel and support the shaft So the reel can
revolve as the rope s pulled off. If this methad
15 used. lhe reel should nol be allowed to
revolve so rapicdly that il throws rope otf reel
the rope off slowly.
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REWINDING ROPE

When unwinding rope from its storage reel to
another reel or a drum. the rope must be
reeved from the top of one reel to the top of
the other. It 15 also acceptable for an un-
derwind to reel from the bottom of one reel to
the bottom of the other reel or drum. By
following either of these procedures. you will
avoid twisting the rope (Figure 9-82).

Courtesy of Marin and Biack
Whre Aopes Ltd

WINDING ROPE ON A DRUM

On grooved drums the cable will be laid in the
correct postion by the grooves. bul on
smooth faced drums. such as on a tractor
mounted winch. attention must be given to
getting an even lay on the first layer. When in-
staling a new line on a tractor mounted
winch, attach the hine to the drum in the over-
wind or underwind position. whichever the
winch Is set up for (imost mounted winches are
set for overwind). Then attach the otherend to
a firm tai-ho!d and winch the machine back-
wards to load the drum. Watch that the first
layer winds tight and snug. It the first layer is
wound correcliy. the rest of the ¢cable should
wind evenly on the drum. Caution: Keep
hands clear of winding cable.
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Figure 9.83 illustrates Ihe correct way to at-
tach left and right lay rope to a drum that has
provision for attaching the cable to either side
and that can be overwound or underwound.
Note the point of view 1S from behind the
drum.

PROPER WIND 3 FOR PROPER WINDING FOR
RIGHT L LEFT LAY
{Use nghl jund) {Use left hand}

OVERWIND UNDERWIND ‘ OVERWIND UNDERWIND
Left to Right Right to Lelt Righ! to Left Left to Right

{9.83) Couriesy of Marin and Black
wire Ropes Ltd

ATTACHING U-BOLTS

U-Bolts must be aftached in the nght numbers
and i the nght sequence 10 the correct side
of the cable.

A
THE RIGHT WY

*\\“\ :

Courtesy of Martin and Black
VWire Aopes Ltd

In Figure 9-84, A the night way. the saddle of
alf the clips bears on the live part of the rope
and the U-bolt bears on the dead part. When
the U-bolt bears on the live side as in Figure
9-84, B the wrong way. Ihere is a possibility of
the rope being kinked or deformed

[T A S S
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The table in Figure 9-85 shows the correct
number of clips to be used for each size of
rope with the proper spacing between them.

DIAMETER OF ROPE NUMBER OF CLIPS SPﬁ%NgE nggm

2'46”
2%
3»
3'46"
3'46"
4»
4"

WWWrRroN

4%
5%
6”
?”
7%
Bi'
9')

9'6'!
10047
12')

~3 S h AL bbb

Aller ihe icad +5 applied {o the rope. 1essen lhe iension and retighten the chps This will compensate lor
the natural diameter reduction ©f the rope under load
(9-85}  Courtesy ol Martin and Black

The cable clamps should be put on in a set Wire Ropes Ltd
sequence After selecting the number of

clamps according to the rope size and

figuring out how I1ong the dead end of the

rope musl be 10 give correct spacing between

the ¢lamps. attach the ¢lamps in the folloving

order (Figure 9-85)

Slep 1 Atlach the chp that is farthest from
the eye Tighten 1t to the recom-
mended 10rque.

Slep 2 Attach the chp that 1s ¢closest 1o Lhe
eye Firm 1l but do not tighten.

Step 3 Attach  al other chps. equally
spaced. between the first two chps.
Firm. but do not tghten them.

Step 4  Apply lension t0 the rope at the eye
and hghten all clips that havent
been ughtened. The torque on the
clips should be checked after the

rope has been operated CourleSy of Marim and Black
pe ha P Wwe Ropes Lid

ATTACH ATTACH ATTACH
SECOND THIRD FIRST
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ATTACHING DOUBLE SADDLE CLIPS
(FIST GRIP CLIPS)

Since double saddle clips are the same on
both ends they can’t be put on incorrectly.
Fewer of these clips are needed than U-bolts;
check the manufacturer’s recommendation for
[ LINE

the number of bolts per cable size. The [II

. ) LOCATIONS
sequence of attaching the cl'ps would be the
same as for U-bolts. { < HOIST{DRUM

REEVING WIRE ROPE A.C.

Reeving means installing or rigging wire rope DRIVING
to a machine — attaching the rope to the MOTOR
drum, passing rope over sgheaves. and
generally arranging the cable into its TOP VIEW
operating circuil. Figure 9-88 shows the (9-87)

reeving on a farge mining shovel. Since this

particular machine has a fixed boom angle

and a power operated crowd, it has only the

hoist drum circuit to reeve,

Couriesy of Harnischteger CorPoration P&H

WO BOOM

CABLE (2 SHEAVES
HOIST DRUM g (@ POINT S 9 CENTER DRUM

CABLE ANCHORS
Y SIDE CABLE
 EQUALIZER & - ANCHORS

SHEAVES

(3-86) HOIST REEVING OIAGRAM

This cable system uses two cables of identical
length and size The cables are attached one
to either side of the drum. Each cable 1s
passed over the boom point sheaves. down
around the lower or bucket sheave, back over
another boom point sheave, returning to the
hoist drum near its center, Cable 15 therefore
attached n four places to the drum. and when
the hine is winding. the two cables can appear
fo be four Figure 9-87 shows the locations
where the cable i1s attached to the drum. and
the anchors by which it is attached. Note the
four sets of grooves the line runs in: the two
cables on the outside wind towards the inside
whereas the two central lines wind towards
the outside,
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The cable system described above would be
used on such a shovel as the one n Figure 9-
88 Note that in this side view. only one boom
poin! sheave ¢an be seen and only one of the
four drumhines is visible, ;

BOOM POINT

i — (9-88)

G—)

e x2

An example of reeving for a boom 15 shown
Figure 9-89

NOTE THIS PENDANT LENGTH TO SUIT
CENTER SECTION OF BOOM

PENDANT YOKE

ROPE
ANCHOR

A-FRAME
SHEAVES Courtesy of Bucyrus-Enie Co
of Canada Lig
/ /
/

BOOM 258
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THE REEVING OF TACKLE 8LOCKS

Tackle blocks give mechamcal advant ge
the more lines the blocks have the greater the
load that can be ifled with the same pulling
force. Note the reeving patlterns on the sets of
tackle blocks in Figure 9-90.

SHACKLE
BLOCK

1 PART 3 PARTS 4 PARTS 5 PARTS
OF LINE OF LINE OF LINE OF LINE OF LINE

(9-90) Courtesy of Mariin and Black
Wire Ropes Lid

it 1s good practice to use a shackle block as
the upper one of a pair and a hook block as
the lower one A shackle 1s much slronger
.2+ a hook of the same size and the strain on
he upper block 15 much greater than the
Iov-er one. The lower block suppo.ds only the
loa: sher2as the upper block carries the load
as well as the hoisting strain. Also a hook 1s
more convenent on the lower block because
it can more readily be attached o or detached
from the load. Note that when reeving a set of
blocks where the rope leads from a block that
has more than two sheaves, attach the rope 16
one of the center sheaves so that the hoisting
strain 15 placed on the center of the block.
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SELECTING TACKLE BLOCKS

A problem can arise n the shop or field in
deciding what number of line Tackte Block to
use When you know the weight of the foad to
be hited and the tine pull of the winch or hoist
drum that will do the pulling. the iollowing
chart (Frgure 9-91) will give you the number of
line parts of the Tackle Block to use:

Ratio for Ratio for
Bronze Anti-Friction
Bushed Bearing
Shecves Sheaves

26 98
187 1.94
275 2.88
3.59 i
439 4N
3.16 3.60
590 6.47
6.60 7.32
7.27 8.16
79 898
8.32 .79
LAR 10.6
9.68 11.4

10.2 12,1
10.7 129
11.2 13.6
1.7 143
12.2 15.0
12,6 15.7
13.0 164
13.4 17.0
13.8 17.7
14,2 i8.3
14.5 189

(9-91)

Courlesy of Martin and Black
wire Ropes ' “

EXAMPLE PROSBLEM

The ioad yYou want to lift 15 72.480 Ibs . and the
single line pull of the hoist-drum is 8000 Ibs.

The tackle sheaves you will use have bronze
bushings.

Step 1: Find the ratio of load weight to line
pull

load weight _ 72480 _ 996 ratio
line pull 8000

Look up the rato. or the one closest
to 1t either in the Bronze Bushed
Sheave column or the anti-friction
bearing sheave column. When you
find the ratio. look over on the same
hne to the first column which gives
you the Number of Parts of line to
use. In this case the 9.06 is closest to
the 9.11. and so a tackie block with
12 line parts 15 needed.
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QUESTIONS — WIRE ROPE

Wire rope 1S made of three basic parts
What are they?

When measuning the diameter of wire
cope. 1s the caliper placed on the crowns
of two opposite strands or In contact with
four opposiie strands?

As cable gels thicker. tess of U can be
wound on & drum. Using the table on
page 2 find the difference 1n feet be-
tvseen the amount of 5/8” cable that can
be wound on & F-50 Hi-cap drum and the
amount of 1" cable.

Gwve two functions that a fiber core will
provide 1n & wire rope

What are the advantages cf steel core in
a wre rope?

Trye or False? The rope with the
strongest steel 15 the best for every Jjob
8Brefly support your answer

“he figure 6 X 7 ysed lo classify strands
IN & wire rope means

{a) there are 42 wires per sirand.

(b} there are 6 wires per sirand and 7
sirands 'n the rope.

{c) there are 6 strands 1n the rope and 7
wires per strand.

(d} there are 42 wires i the complete
rope wcludirg the core

When wire rope 1s preformed. 1 m<ans
that each wire ard slrand |s preset lo an
exact shape

List at least two advantages of preformed
wire rope

In one of s mea:, Js the term “lav”
descnbes the direclion of rotaton of
wies 1n a rope What are the two basic
lays and briefly describe the diflerence
between them Give an example where
each 15 ysed

The term “lav” also cpplies to the direc-
won of rolation ol the strands 10 a rope
Which 1s the most common. left lay or
nght lay?

Wh-{ 15 the mrst common sign of wire
.. @ deenoration?

.rye of False? When inspecting a wire
ope. it should be suypporting 2 load?

14 Wire rope inspeclions should be done:

{a} daly.
(b) weekly.
ic) monthly
(d} vyearly.

The [requency of lubnication of wire rope

depends on

(a} 1ts size.

(b) tength.

{c) severity of duly and corrosive con-
dilions.

(d) weather conditions.

What are cable clamps ysed for?

Trye or False? A sheave groove that is
too large 15 betier than one that is too
smaill.

Briefly explain how the diameler of a
sheave affects wire rope life.

When instaling a new line on a tractor
winch drum.

(a) hold onto the line and guide 1t onto
the drum when operating the winch.

(b} use your foot to gurde the line onto
the drum when operaling the winch.

(c} a1 hold the line to a stump or tree
and wind the line onto the drum
while pulling the tractor backwards.

(d) the line will spool aulomalically
when 1t is wound on.

Correcltly 'astalled cabie clamps should
be arranged so that the:

(a) clamp saddles are all on {he hve end
of the line.

(b} clamp saddles are all on the dead
end ol the line.

{c) clamp saddles are alernaled be-
tween the live ¢ .d dead ends ol the
line.

it doesn't matter.




WINCHES

When forming an eye on the end of a
172" piece of cable, the minimum number
of U-bolt clamps that can be used Is:

{a) 2
ib) 3
(c) 4
{dy §

When reeving tackle blocks. increasing
the number of hine parls over sheaves:

{a) Increases the mechanical ade
vantage.

{b) decreases the rechanical ade
vantage

{c) no change 1n mechanical ad-
vantage. Just decreases the lifting
speed

no change wn mechamcal ad*
vantage: Just increases the lifting
speed.
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ANSWERS — TRACTOR MOUNTED
WINCHES

Live P.TO from a torque converter,

Live P.T.O. through & manual trans-
MISSION.

Hydraulic motor.

(d) Overwind or underwind

True.

Qverwind

(d) (a). (b} and (c) are all correct.

Shding gear
Power shiit.
Hydraulic

(b} Tractor's master clutch must be
disengaged

By hydraulically applhied cluich packs
Splash.

A hydraulic winch can be mounted n
most cases. 1 whatever tocation W's
required. provided that hydraulic lines
can be connected to power it

(c) Band and multi-disc

{c) Sprnng applied and hydraulic
released

(a) Reel in

The housing acts &s a cooler to cool the
hydraulic oil

Provides a guide for the cable. allowing
the cable to be reeted n at an angle
without being damaged.

A hydraulic pump and & hydrautic motor.

WINCHES

ANSWERS - MAINTENANCE AND REPAIR
OF TRACTOR MOUNTED WINCHES

1. True.

2 Condensation.

3. (b) Daily. weekly. monthly schedule.
4. 500 hours or 3 months

5. False.

6. True.

7. Hydraulic .2st box.
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ANSWERS — HOIST WINCHES

The basic machine refers to the lower
and upper works.

The convertibility refers to various
rgmovable fron! ends which enable the
maching to do difierent types of work.

{e) Both (b) and {c) are nght.
(b} Longer and runs looser,

(1) Size.
(2) Ways of mounting.
(3) Actvating mecharnisms

{a) A clutch
Brake
(a) Rear drum shaft,

The vyarder drums have much larger
capaciy.

(1) Srooved.
(2) Siaooth tapered.

{b) Increase
True

The multiple preces are easier 10 remove
and nstall.

Aar

{1} Hydraulic
2) Ar

They are stronger clulches and brakes
and can withstand heavier loads and
higher heat under increased machine
horsepower

Magnetc field.
False
The hydrauhc winch,

(1) takes less space.
(2) has simpler controtls,
(3) requires fewer adjustments.

9:71

ANSWERS — MAINTENANCE OF
HOIST WINCHES

Ensure that the working implement con-
trolled by the drum sha’t is in a safely
lowered position and tension is off the
cable,

(d) Slips under load.
by 1/32”

False. They require regular, scheduled
lubric ation,

Every 200 hours with mulli-purpose
grease.
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ANSWERS — WIRE ROPE
{a) wire
{b) strand
{c) core
On the crowns of two opposite slrands

600 ft for the 5/8” cable and 215 fi. for
lhe 17 cable; so lhe difference 1s 500 -
215 = 385 fI

A fiber core:

(1) provides a cushion for the steel
strands

(2) Acts as an mternal lubricator,
A sleel core:

{1) Adds strength,

(2) Provides resistance to crushing.
{3) Gives heat proteclion

False. A rope with a ductle, flexible steel

may oui-last a rope made of a sleel with
a higher breaking strength

(c) There are 6 sirands in the rope and
7 wires per strand.

Helical.
Preformed wire rope

{1) Won't unravel when cut.

{2} s more flexible.

(3) Lasts longer.

(4) s easier to splice.

Regular Lay — wires in the strands la;
parallel o the rope.

Lang's lay — wires 1 each strand lay In
the same dwrection as the strands ol the
rope.

Regular lay — general purpose rope.

Lang's lay — applications where both
ends are fixed such as a hoist cable on a
shovel

Right lay.
Broken wires.
False

{b) Weekly.

{c} Seventy of duly and corrosive con-
ditions,

WINCHES

16

i7
18

19

20

21
22

To form a loop 1n a wire rope 1n order to
attach the rope to a fixture.

False

The less bend the wire rope 15 forced to
make the less stram will be imposed on
the rope. With less slrain a rope will lasl
longer

{c) Tal hold the line to a stump or tree
and wind the line onlo the drum while
pulbng@ the tractor backwards.

(a) Clamp saddles are all on lhe live
end of the line

b) 3

(a) Increases the
vantage.

mechanical ad-

265
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TASKS — WINCHES, HOISTS Attach the cable to the correct side
AND CABLES of the drum for either an over or an

under wind.
TRACTOR MOUNTED WINCHES
{¢) Attach the other end of the cable to a

SCHEDULED MAINTENANCE secure tail hold and load the drum by

1. Change the ol and filters and do minor winching the crawler backwards.

adjustments as outlined in the service . Make an eye on a piece of 1/2" (12 mm)
manual cable. using a thimble and wire rope cable
clans of correct size. number and

SERVICE REPAIR placement to meet W.C.B. safety slan-

dards.
1 Remove and install a crawler winch

assembly using the correct tools. lifling
equipment. ngging equipment and safety
procedures oulhned in the service
manual

CRANE AND SHOVEL HQIST WINCHES
SCHEDULED MAINTENANCE

1 Consulting the service manual. lubnicate.
dominor clutch and:or brake adjusiments,
inspect awr lnes or hydraulic lines and
make any minor repairs of replace any
damaged tines

SERVICE REPAIR

1 Remove and install a8 hoist winch from a
shovel or crane using the correcl tools.
hiting equipment. ngging and safety prac-
tices outhined 1n the service manual. Rein-
stall the cable when complete.

CABLES, CLAMPS AND SHEAVES
SCHEDULED MAINTENANCE

I Under the assistance of a Journeéyman.
mahke a cable inspectior on both standing
and running cable such as would be found
on a shove! or crane. Wrile a report to 1n-
clude the measurements necessary to
check the cable and note any signs of
{alure (See sec 54 18 W.C.B. Regulations
Paragraph 23 Wire Rope Rejechion
criieria)

SERVICE REPAIR

1 Demonstrale correct care. handling and
storage of cable

Install a new drum cable on a crawler
mounted winch-

(a) Select the correct cable size and
lenglh.




